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M emmler’s Stmetme and Fnnetion of the Human Body 

is a textbook for introductory-level health profes- 
sions and nursing students who need a basie understand- 
ing of anatomy and physiology, and the interrelationships 
between structure and function. 

Like preeeding editions, the llth edition remains true to 
Ruth Memmler’s original vision. The features and eontent 
speeifieally meet the needs of those who may be starting 
their health eareer preparation with little or no seienee 
background. This book’s primary goals are 

■ To provide the essential knowledge of human anatomy 
and physiology at an ideal level of detail and in language 
that is elear and understandable 

■ To illustrate the eoneepts discussed with anatomie art 
of appropriate detail with accuracy, simplieity, and style 
that is integrated seamlessly with the narrative 

■ To ineorporate the most reeent seientifie findings into the 
fimdamental material on which Ruth Memmler’s elassie 
text is based 

■ To include pedagogy designed to enhanee interest in and 
understanding of the eoneepts presented 

■ To teaeh the basie anatomie and medieal terminology 
used in healtheare settings, preparing students to 
function effieiently in their ehosen health eareers 

■ To present an integrated teaehing-learning paekage that 
includes all of the elements neeessary for a successful 
learning experience 

This revision is the direet result of in-depth market feedbaek 
solieited to tell us what instmetors and students at this level 
most need. We listened carefully to the feedbaek, and the 
results we obtained are integrated into many features of this 
book and into the aneillary paekage aeeompanying it. The 
text itself has been revised and updated where needed to 
improve organization of the material and to refleet current 
seientifie thought. 

Because visual learning deviees are so important to students, 
this new edition continues to include “The Body Visible,” a 
series of illustrations with labeled transparent overlays of the 
major body systems deseribed in the text. In addition to being 
a learning and testing tool, these illustrations provide enrieh- 
ment and are a valuable general referenee. 

The llth edition retains its extensive art program 
with updated versions of figures from previous editions 
and many new figures. These features appear in a modi- 
fied design that makes the eontent more user-friendly and 
aeeessible than ever. Our innovative aneillary paekage on 
tbePoint helps students mateh their learning styles to a 
wealth of resources, while the eomprehensive paekage of 
instmetor resources provides instructors with maximum 


flexibility and effieieney. The online instmetor’s Manual 
deseribes all of the updates in this new edition and presents 
teaehing and learning strategies for traditional elassrooms, 
flipped elassrooms, and online courses. 

Organ zation and Structure 

Like previous editions, this llth edition uses a body sys- 
tems approaeh to the study of the normal human body and 
the effeets of disease. The book is divided into six units, 
grouping related information and body systems together as 
follows: 

■ Unit I, The Body as a Whole (Chapters 1-5), focuses 
on the body’s organization, basie ehemistry needed to 
understand body fimetions; eells and their fimetions; 
tissues, glands, and membranes; and the skin. 

■ Unit II, Movement and Support (Chapters 6 and 7), 
includes the skeletal and muscular systems. 

■ Unit III, Coordination and Control (Chapters 8-11), 
focuses on the nervous system, the sensory system, and 
the endoerine system. 

■ Unit IV, Circulation and Body Defense (Chapters 12-15), 
includes the blood, the heart and heart disease, blood 
vessels and circulation, the lymphatie system, and the 
immune system. 

■ Unit V, Energy: Supply and Use (Chapters 16-19), 
includes the respiratory system; the digestive system; 
metabolism, nutrition, and temperature eontrol; as well 
as body fluids and the urinary system. 

■ Unit VI, Perpetuation of Life (Chapters 20-21), eovers 
the male and female reproductive systems, as well as 
development and birth, and heredity. 

The main Glossary defines all the ehapters’ key terms and 
many additional terms emphasized in the text. An addi- 
tional Glossary of Word Parts is a referenee tool that not 
only teaehes basie medieal and anatomie terminology but 
also helps students learn to reeognize unfamiliar terms. 
Appendiees include a variety of supplementary information 
that students will find useful as they work with the text, 
including a photographie Disseetion Atlas (Appendix 3) 
and answers (Appendix 2) to the Checkpoint, Casepoint, 
and Zooming In illustration questions that are found in 
every ehapter. 

Pedagogie Features 

Every ehapter eontains pedagogy that has been designed 
with the health professions and nursing student in mind. 
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Leaming Objeetives: Chapter objeetives at the start of every 
ehapter help the student organize and prioritize learning. 

Aneillaries At-A-Glanee: Learning Resources and 
Learning Aetivities are highlighted in a one-stop over- 
view of the supplemental materials available for the 
ehapter. 

A&P in Aetion: Familiar seenarios transport ehapter 
eontent into a real-life setting, bringing the information 
to life for students and showing how disease may affeet 
the body’s state of internal balanee. 

A Look Baek: With the exception of Chapter 1, eaeh 
ehapter starts with a brief review of how its eontent 
relates to prior ehapters. 

Checkpoint questions: Brief questions at the end of main 
seetions test and reinforee student reeall of key informa- 
tion in that seetion. Answers are in Appendix 2. 

New! Casepoint questions: Critical-thinking questions 
ehallenge students to apply eoneepts learned to the 
“ A&P in Aetion” ease study. Answers are in Appendix 2. 

Key Points: Critical information in figure legends spot- 
lights essential aspeets of the illustrations. 

“Zooming In” questions: Questions in the figure legends 
test and reinforee student understanding of eoneepts 
depieted in the illustration. Answers are in Appendix 2. 

Phonetie prommeiations: Easy-to-learn phonetie pro- 
nunciations are spelled out in the narrative, appearing in 
parentheses direetly following many terms—no need for 
students to understand dietionary-style diaeritieal marks 
(see the “Guide to Pronunciation”). 

Speeial interest boxes: Eaeh ehapter eontains speeial 
interest boxes focusing on topies that augment ehapter 
eontent. The book includes six kinds of boxes altogether: 

■ New! One Step at a Time: Uses the ease study to 
teaeh seientifie literaey and problem-solving skills. 
Eaeh box outlines a step-by-step approaeh that stu- 
dents ean use to answer questions in the study guide 
or Chapter Review questions. 

■ A&P in Aetion Revisited: Traees the outcome of the 
medieal story that opens eaeh ehapter and shows 
how the eases relate to material in the ehapter and 
to others in the book. 


A Closer Look: Provides additional in-depth seien- 
tifie detail on topies in or related to the text. 

Clinical Perspeetives: Focuses on diseases and disor- 
ders relevant to the ehapter, exploring what happens 
to the body when the normal structure-function 
relationship breaks down. 

Hot Topies: Focuses on current trends and 
researeh, reinforeing the link between anatomy 
and physiology and related news eoverage that stu- 
dents may have seen. 


■ Health Maintenanee: Offers supplementary infor- 
mation on health and wellness issues. 

Figures: The art program includes full-color anatomie 
line art, many new or revised, with a level of detail 
that matehes that of the narrative. Photomierographs, 
radiographs, and other seans give students a preview of 
what they might see in real-world healtheare settings. 
Supplementary figures are available on the eompanion 
website on tbePoint. 

Tables: The numerous tables in this edition summarize 
key eoneepts and information in an easy-to-review form. 
Additional summary tables are available on the eompan- 
ion website on tbePoint. 

New! Miseoneeption Alerts: ieons in eaeh ehapter high- 
light eommon student miseoneeptions revealed by the 
PrepU adaptive testing program, discussed further below. 

Color figure and table callouts: Figure and table num- 
bers appear in eolor in the narrative, helping students 
quickly find their plaee after stopping to look at an illus- 
tration or table. 

Word Anatomy: This ehart defines and illustrates the 
various word parts that appear in terms within the 
ehapter. The prefixes, roots, and suffixes presented are 
grouped alphabetieally aeeording to ehapter headings 
so that students ean find the relevant text. This learn- 
ing tool helps students build vocabulary and promotes 
understanding even of unfamiliar terms based on a 
knowledge of eommon word parts. 

Chapter Wrap-Up: A graphie outline at the end of eaeh 
ehapter provides a eoneise overview of ehapter eontent, 
aiding in study and test preparation. 

Key Terms: Seleeted boldfaee terms throughout the text 
are listed at eaeh ehapter’s end and defined in the book’s 
glossary. 

Questions for Study and Review: Study questions are 
organized hierarehieally into three levels. (Note that 
answers appear in the Student Resources on tbePoint.) 
New in this edition, the seetion includes questions that 
direet students to “The Body Visible” and the various 
appendiees to promote use of these resources. Question 
levels include the following: 

■ Building Understanding: Includes fill-in-the-blank, 
matehing, and multiple ehoiee questions that test 
factual reeall 

■ Understanding Concepts: Includes short-answer 
questions (define, deseribe, eompare/eontrast) that 
test and reinforee understanding of eoneepts 

■ Conceptual Thinking: Includes short-essay ques- 
tions that promote eritieal thinking skills. Included 
are thought questions related to the “A&P in 
Aetion” ease studies. 
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For Stiidents 

Look for callouts throughout the ehapters for pertinent sup- 
plementary material on the eompanion website on tkeFoint. 

The eompanion website on tbePoint includes a praeti- 
eal system that lets students learn faster, remember more, 
and aehieve success. Students eonsider their unique learn- 
ing styles, then ehoose from a wealth of resources for eaeh 
learning style, including animations, a pre-quiz, and 10 
different types of online learning aetivities; an audio glos- 
sary; and other supplemental materials such as health pro- 
fessions eareer information, additional eharts and images, 
and study and test-taking tips and resources. These supple- 
mentary materials are listed at the start of eaeh ehapter and 
noted at relevant points within the ehapter. 

The inside front eover of this text provides a passeode 
that allows aeeess to the eompanion website; pages xv-xvii 
provide details about the website and a eomplete listing of 
student resources. 

lnstructor Aneillary Paekage 

All instructor resources are available to approved adopting 
instructors and ean be aeeessed online at http://thepoint. 
lww.com/MemmlerSFHBl le. 

■ Instructor’s Manual is available online as a PDF. 

■ Wimba Test Generator allows you to ereate customized 
exams from a bank of questions. 

■ PowerPoint presentations use visuals to emphasize the 
key eoneepts of eaeh ehapter. 

■ Image Bank and Supplemental Image Bank with addi- 
tional images enhanee elass presentations. 

■ Lesson Plans, organized around the learning objeetives, 
include lecture notes, in-elass aetivities, and assign- 
ments, as well as student aetivities from the student 
eompanion website. 

■ Strategies for Effeetive Teaehing provide sound, tried- 
and-true adviee for successful instruction in traditional, 
flipped, and online learning environments. 

■ WebCT/Blackboard/Angel eartridges allows easy inte- 
gration of the aneillary materials into learning manage- 
ment systems. 

instmetors also have aeeess to all student aneillary assets via 
tbePoint website. 


Guide to Pronunc ation 

The stressed syllable in eaeh word is shown with eapital let- 
ters. The vowel pronunciations are as follows: 

Any vowel at the end of a syllable is given a long sound, 
as follows: 

a as in say 
e asin be 
i as in niee 
o as in go 
u as in true 

A vowel followed by a eonsonant and the letter e (as in 
rate) also is given a long pronunciation. 

Any vowel followed by a eonsonant reeeives a short pro- 
nunciation, as follows: 

a as in absent 
e as in end 
i as in bin 
o as in not 
u as in up 

The letter b may be added to a syllable to make vowel 
pronunciation short, as in vanilla (vah-NIL-ah). 

The letters e and g ean be soft or hard. 

A soft e, as in raeer , will be written in pronunciations 
as s (RA-ser). 

A hard e, as in eandy , will be written as k (KAN-de) 

A soft g, as in page , will be written as j (PAJE) 

A hard g, as in groiv , will be written as g (gro). 

Summary 

The llth edition of Memmler’s Stmetme and Fnnetion oftbe 
Hnman Body builds on the successes of the previous 10 edi- 
tions by offering elear, eoneise narrative into which accurate, 
aesthetieally pleasing anatomie art has been woven. We have 
made every effort to respond thoughtfully and thoroughly 
to reviewers’ and instmetors’ eomments, offering the ideal 
level of detail for students preparing for eareers in the health 
professions and nursing and the pedagogie features that best 
support them. With the online resources, we have provided 
students with an integrated system for understanding and 
using their unique learning styles—and ultimately succeeding 
in the course. We hope you will agree that the 1 lth edition of 
Memmler’s suits your educational needs. 




llser's Guide 


your students for success in their 
allied health eareers with easy-to-understand, 
beautifully illustrated eoverage of the essentials 
of normal anatomy and physiology. Evolving 
over the years to address ehanging course 
requirements and student needs, this updated 
and enhaneed I Ith Edition inspires students to: 



A & P lfl Aetion Pauis Case: Sun-Damaged Skin 
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"Wait a mirnjte," Paul said to his 
refleetion in the minror as he 
examined his faee after shaving. 
He had notieed a small nodule 
to the side of his left nostriL 
#j The lump was mostly pink with 

a pearly white border and pain- 
less to the touch. I haven't seen 
that before. Probably just a pimple, 
i or maybe a small eyst , Paul thought, 
r although he couldn't help thinking baek 
ph to the many hours he had spent as a kid sail- 

ing eompetitively at the seashore. I know sun 
exposure isn't great for your skin, even danger - 
us, and I wosn't reai careful about wearìng sunscreen. Even 
ifl did, it would have washed off anyway while I was sailing, 
he thought Paul finished his trimming and deeided the lump 
wa$ probably nothing. 

Despite his attempts to forget about the lump, Paul 
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Connect key eontent to real-world health 
eare seenaríos through eompelling 
ehapter-opening ease studies. 




key proeesses and 

structures through stríking diagrams, 
tables, photographs, and anatomie 
line art that elarífy eoneepts. 







Parasympathette 
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thr pup«l Ufgrr 7 
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n í I e ve l s. As m e n ri o i ìet. I ;i bovc\ TS H sígn a I s rhe rh y roi d 




(a 


m 


to seerete inore 


if 
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elatteeÌy narroiv Intvts. Reeeptors ensure that these hormon 
xert theìr effeets exdusii i eíy at the intemíed tarset iìssnes. 


Master course eontent through innovative 
and hallmark pedagogy that blends review, 
remediation, reinforeement, and real-world 
focus to ensure student success. 













Connect... 

In every ehapter, students are encouraged to make eonneetions 
between anatomy and physiology eontent and the types of 
real-world situations they will encounter in praetiee. 


R eggie's Case: A Footballer’s Fractured Femur * 

“Donnelly throws deep for a touchdown. ínvotve the femoral neek. This meant th*t the blood supply 
Witson makes a beautiful eateh! Ooh, to the femoral head not ìn danger, 50 the sorgery woutd 

á nasty hit from number 26 ." The be more straightforward. 

crowd roared their appmval for the In the operating »oom. the sutgical team applied trae- 

w»de reeeiver. On the gaiund, Regg>e tion to Reggie's right leg. pulling on it to reposition the bro- 

Wilson knew that something was ken ends of his proxinvat femnr baek into anatomie position 

wrong with his hip. Ir» faet, {verihed witb another x-ray). Then. the orthopedie surgeon 

he thought he had actually made an inrision beginning at the tip of the gieater traehan- 

heard the bone break. It didn't ter and continuing distally along the lateral thigh ttiroiigh 

^ take iong for the eoaehes and tt*e skin. sut>cutaneous fat. and vastus lateralís muscte, After 
medieal staff to reatize that mposing the proximal femur. the smgeon drítled a hole and 

Reggie needed hetp, At»d installed a titam'um screw through the greater troehanter 

H didn't take long for the and neek and into the femorat head. He then positioned 3 

ambutance to get him to the traun»a eenter elosest to the titanium ptate over the screw and fastened it to the femoral 

stadium. shaft with four mote screws. Confident that the broken ends 

A 1 the hosp»taL the emergeney team examined Reggie. of the femur were firmly hetd together, the su«geon elosed 
Hís injured leg appeared shorter than the other and was the wound with sutures and skin stapies. Reggie was then 
adducted and lateratty rotated—atl signs of a hip frae- wheeted into the reeovery room. 

tme. An x-ray eonfirmed the team's suspirions; Reggie had Tì»e smgkat team successfutty reatigned the fractured 

sustained an intert/othanterie fraetore of hls right femur. ends of Reggie's femur. How Reggie’s body wili begin the 
The tibia and fibula were mtaet He woutd need su»gery, heating preeess. In this ehapter, we learn more about bories 

but luclrily for Reggif. the fracture tine entended from and joints. Later in the ehaptei. we see *»ow Reggie's sketetal 

the greater troehanter to t»*c tesser troehanter and didn't system is repairing itsetf. 

As you study this ehopter, CasePoints W> w»tt gtve you opportorrities to appty yout tearning to this ease. 



A&P in Aetion boxes open eaeh ehapter 
with a seenario that integrates ehapter 
eontent into a medieal setting, bringing 
the information to life for students. 

erítieal Thinking Questions 

ehallenge students to apply eoneepts to 
the A&P in Aetion ease study, enhaneing 
their understanding of how basie 
eoneepts of anatomy and physiology 
relate to elinieal situations. 


A&P in Aetion Revisited boxes expand 
on the opening seenario later in the 
ehapter and encourage students to 
apply the ehapter's eoneepts to the 
outcome of eaeh ease. 


f.i/j ' ^ ivi 

A & P in Aetion Revisited 


i ..fit in i r J ttz.ll 

I | 1 r 1 ’ ri 1 

V ^ W ^ ^ Ww m 

'So, Doe. what's the ehanee my legs going to heal up 
enough to play football again?" asked Reggie. 

“Vfell.* leplrèd the doetor, 'lt's going to take som» 
t»me before you’»e eatehlng footbatls aqaín, but oi»ce 
yow hip heals, it witl be better than new.“ 

^Whe snrgeon knew that even before the surgcry 
to realign its broken ends. Reggie's femu» t»ad already 
begun to heal ttself, as deseribed eariier in ihe text. 
Immediatety after tl»e injury occurred on the football 
field, a blood dot fom»ed around the fracture. Over the 
next several >veeks, fibrobtasts and ehondroblasb that 
tnvaded the elot would produce eallagen and eartilage, 
taying down the matrix fot development of mature bone 


bssu& Contìnuing long after the iniHat »njury, astío- 
elasts and osteoblasts would work together to fonr 
eompaet bone at the fracture site, iesuttìng ln a ntpaii 
even stronger than the originat bone tissoe. Reggies 
fracture. though seriouí. wiU Have a good ehante of 
healing weU beeaijse of his youth and general state of 
good heattli. 

During this ease, we saw how fractured bemes aie 
'epaired using sc»ews and plates. We atso saw that 
the body has íts own “orthopedie su»geons“—eetls 
tike osteoblasts and osteodasts, which ean engineer a 
strong jnd effeettve bone repair. 



CHECKPOINTS # 

6-1 What are the seíentífie names for the shaft and the ends 
of a long bone? 

6-2 What compounds are deposited in the intercellular 
matrix of the embryonie skeleton to harden it? 

6-3 What are the three types of eells found in bone.and whaf 
is the role of eaeh? 

64 What are the two types of osseous Ibone) tissue, and 
where Is eaeh type found? 

CASEPOIblTS ÍÈ 

6-1 Reggie fractured the provimal end of a long bone.What L 
the seientífie name for the bone region involved? 

6-2 Would Reggie’s fracture line eontaet red marrow or 
yellow marrovv? 


Casepoints (in-ehapter review 
questions) link eontent to the 
opening ease study. 











Visualize... 

The 11 th Edition s new, more aeeessible design is paeked with stunning 
visuals, induding diagrams, anatomie line art, eadaver photographs, 
photomierographs, and radiographs that illustrate eoneepts with accuracy 
and simplidty and help students understand and apply what they’re learning. 


New 





Proeess Diagrams ensure student 


mastery by ealling out and illustrating 
the steps of complex proeesses, such as 
sensory pathways, eardiae function, and 
nerve impulse transmission. 
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Tì>e stdpos vttxalmi ihe ovhi 
w*ndc*v. eroaTmg a wavo m 
ttMi vnstitiiJai duct pentymph 
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OoeNea 

lunro»mI| 


Sound vmv*» 
travete tt>fough 

ear eanal 




Eareana^ Tympar»c 

mefnòrane 


% 


OaJ Round 


Ooentetif doet 

movyments 
up d fVj»d witv« 


y V duc* 
y Tympaníe 

-•V? ^ * ucl 

Ruid movymeofa erealo 
n troveikng vvavo y> tho 
vesrtKjtar. teetoridl. and 
PasitíH mempranes ot 
itvo eoeNoa 


24. l.ist the subdìvisions oí the dorsal and ventral eavities, 
Name some organs found in eaeh snbdivision. 

25. Reíerring to the Disseetion Atlas ín Appendíx 3; 

a. list the figure{s) in which an organ is ent ínto left and 
right parts, 

b. list the fignre(s) in which an organ is ent into anterior 
and posterior parts. 



New 


Disseetion Atlas Questions help 


students apply anatomie knowledge to 
novel situations. 


Photomierographs, radiographs , and 
other seans give students a preview 
of what they will see in real-world 
health eare settings. 




v^nlrfeip 


Fiytirff $-0 


Pffl*gÌftg th« btalrl. A. CT ffl á rHfetffl*l «hJ*l ai l-Jv* lesníl ol thr íbui LH Mfflflekb E, MRI ihR 
íhdwing à pdiive eif mjury C. PET vt4n 



Neur<Mransmitlet 

Vestibutocochtear 

neuron 


Aetion potenbaJs 



The eKangvog mombrane polential 


aiters nourotransmittor release. 
thereby ehangmg the firing rate ol 


the sensory nenron 


membrann 



flgijm 10 U 


The mech«nks of heartng. KEY POINT Th« tKjbett to r>umbered sieps *> the oarrative. 

ZOOMING IN Whjf mrmhninr eontoHn the ciM.s of rhrha»f erllsf 


Zooming In questions in 

figure eaptions give students 
an opportunity to test their 
understanding of important 
visual aspeets of the illustration. 


• • • 
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Explore... 

Speeial features throughout the book prepare students for the 
realities of health eare eareers. 





CLINfCAL PERSPEeriVES 

Medíeatlofi Patetíesi No Bstter Píll to 5wallow 



Fik , Tiny (■■rjp e. p fl'i »vc i omvtìfìHnt wiiy tsi íaikì^ 
ílan, kwl fíH athe-iiiKey have drjvybaeks f'llH muit 1» E&k'n 
iii tcyulaf Inltíni^ls iQ tniiure amslpt™ rleftinyi.fli'iehhtìy 
Ls dlyfissed and absorbMl irflfl ih- Liloodsi ™*h beíoftì Shey 
OiTt begift iu wwìl For thosf wiM& havé eS-lfiLLilíy WMUawing 
- n di^euWvg< D'IK trjmdíTfflal i TD} odt r itn «#f*cíh 

jTli , md.Wi* lò ■stime* tifJÌ rnrd^Jtlant 

TD pattiiisl di>Jiv« à ffimlflièni Jgv pl mÉtrptatlnn litoi' 

etílFiiies *t à tLrniiani taifi th« r o*jgh it» sknv intu the bteod* 
stréafn 1hereHíVDtti*lv faHu* iwriUngi lo irta'JiAv. 

mvíl «*»ò sinntàeh iips-Jt.TD pdl{Jv*4í in aKotíe^iN míòieiitisii 
Cd Lmrnnltfòift p.HKrfTEi, whn Wrduld òihènNlStf tfitjLJÌI r imrave- 
flògi div§ d^ivtry. TP ptteim tì# Jlittd Wi HtìrrT«!W4- Tiíi*«*- 
nwn| fhmpy, tq 1nt.it hfiMl dl^nK*. 1 ò mihikpi pn *n. afirJ In 

%uppn-H skMmk Nir ncin» Pillehrl fíif jImi uwJ hi 

khirt Of HMyrAM* v qulC vnDbiftfli 

TO p«ch«!i mint b*? iiw?d eanehiAy Dnèty difhigpn 

íhrqgqh rh r -.fe in tflkfrS 1.inr». ift H; t$ ímpor^n.L Ifl knaiN h(P 




long lh«r paSth PhMlt b«' ln pl.ieA II 'S effikihíliir ìí iri«j 

hmpaHrinl Lo knaw how Inng -hh? medseatiofri effiíelfi- v.'lll 
F«piMtì flei r-Hleh n n'mnvMl, B-jgu w Ihe body eontin- 
ues m ntiiOi'b'ivirviL has ilre^dv■diffu■■ed , Into She sk'a, f«nav 
ln- i the pardi daes not tiPiirely temove the ftmdieJfK Aha. 
iflTffMieil htíirí may devale dfug nb$afMh>n 10 dan^fiiavi- 
tenri*.. 

A m&\l ridv.iiu> m ip drug ll#livc>ny iì itifttdfríiò. 
míi Bjmhi an itv pr|nctplk> Ihal Hhe durqfe$ ifipyl 'tfeh 
aehpi. IÍlJs riKltHJd iraes á tífetlFlt Dmffenk to maivp 
digtn liuay(|h Ihe ^km A snsall -ríf-;.ti htí! devkr 
ítbdeiiRd aa eha jMteh |KHldye BJNi-ftT tn “pntí" pvV- 
llydy flkár-ytKl díuQi rftehtoto iliifOí&0.l« iht íkm jnd á A«*gp 
Ikt LNirfril tn pirìh nrfgartJveílj' th.irgpd tìnr-t Egtfft rhough 

vfefy líVit* dI' rlf flridí/ fHf UMid, ppopte w»íh p^mak- 

nt ríidHild ftòl yv* loftiPphflflkle hmthri AiSerlhri- divid- 
V*nL*gf h Lh.H Ihey r#n muv«? oHHy Ipnie dnjgi thrgggh 
Ihtftyn, 


dinieal Perspeetives boxes focus on 
diseases and disorders related to the 
ehapter, helping students understand 
what happens when the normal 
structure-function relationship 
breaks down. 


Hot Topies boxes focus on cutting- 
edge topies and researeh, helping 
students understand how eoneepts 
of anatomy and physiology relate to 
everyday life and their future eareers. 



HOT TOP 1 C? 

Spinnl tord Enjury: trossèng the Divido 


3 □ 1 - 2 


iJ(J|¥EWtmilihV ll^tPlí ngff ttýtà nf ttìM 
_ mrí*c fplptìl eord injgry occlh eaeh yt»i ■*! 

tì’-e LN^ikI Slabe-s Ihe frmjoniy tmmMof ™iev 
aged 1 1 tQ 30 yEan. Mate ifw BCT?*i of th»c in|u- 
rtes artì du? fu nhoeeH ‘vehldti aodefÈlk^ ads ol vtòJtìflttì, ameí falh. 
EkKJirti* né-jmprs - 4 i-jW MIK ff a*iy CàpàÓí\f fepiJ* ihtirnse^Mrt. 
ijjMtil iord injLtfPt ! . aLniírti ájway*í ik^Ii ln a iiw oi lenaòiy « 
metór 1 untlìun |ui btfìhl, Jfìd 1 hwjpy haftìLirt-d -iri injiiiy mJini 
agrtfteífH rjther IjLan ihirp. Hov-ì-vhi, t£j:hìIììU iirp itivfr'.rigialillg 

bmr jiríprtín^l InNflmHftS ffl p pf ftl daà fe 

■ A* a rnjirm spivGt oM.i irgi#™ trArr n^Hiy, Jrrtr*rtnou:- 
|jiniít*iífì òf ihe mef f 1 v4wwfnLujk™ thnrelyíifttìi 


ìn|Lii~y TGíhH «S vwrlllnq ftt HìC W4fi f f ln|siry jíid' irpf-i' -. r-' 

ifitoffry. 

L/isMi :7 Nr.jjnr.'Dphi'ni no ainíia e ti -i?. : f m i ifrmjgtf miv & tosije 
C«5flin iypei of neijroglia Drodves- ehemkais c*jt»d noih 
ieflptiph‘115 je.g, r-sfve «j*awlh temr) ihm iiM p4i>rHited 
nefye fflgsftfifaLioft m -“xpe?irrví.ml j _ 

flflptriÉIriflf! r.V •ìVi.WrcwJ' tik’iDn ri*y?r àrrf 1 mfflífl? ftOffl fi&rt^ 
mg. 'Tirming firff ' Ihmt- hnTton. |pindu>í^J by nruiL>g--Al in 
lh“ cLif|-rrtgL“d pw;rvuuìì ^sLfri 1 ntsy pMj- nmp ehVhti rrpisr 
TTi|“ tatK* MJted N0qij! Iv jn tìNtìpl*. 

F#yw0W ifSHii^ 5uiírvdully trjn-^n!fcd 

dpreer lmui> m.iy Iíi?w qv-' Ifl" 1 dnmjped ÍTffVAn vy«efTft 
fgnefkirti 





H 


u Q 


Q ( ti >■ # 


Three' Stsps towarcl a Strong and Healthy Skelelon 



Thif Afihrfòfi rt (hr l»d/!s Mn«n> 
H 4upD0Ftl yffnd pramtl lnLi?TFMl 
DTgnftJL hpfjj'. rq prudgc:È- rmvrril^nr JimJ 
«nunuíàtlujffi5- bleníd ít^lv Bíme jÌ-Mí inrj.'pv Iìp!í|. ?l| Ol Ifks 
ftòdy'v oltìurwi i-eh'jìilnfl tt inia ih.- bloori whfeii riMdfid ím 

sucff ■* nrrirdftsinilirtfflfi. bhlsd# oofit'aetJfih. 
jfin.pl dttrtvifl, Piani ,T nMlirliiiHh mtireiM* .isietíi i«....iihy 

P.ÌIÌ h.vp Ihr k.'regn pírfftnrn (!! «iflV •'ivm.al 

fttkll- . 

A lAnrll batMiiPd fJld Mipflllpv ihp ngfeMlih|» Jnd PffH.mjy 

iMnKkd Ibr íLrum? he.ìlrhy bflrsei e^tmrri, prlHtì;phuru!., ártd 

(niflhBM'um ifktìw mnhi' mlriLVj! ljv-m .iia nl bahL' Ahd eeml&f 
ftn'fiaíh and rTijidily Rkkís f|ch «n lxrth -.iklum- phos 
e-lvojiijv tndni*? *í,ury prafiTffiObb h'-h, btinra- Afifi itìily grpj.'n 
ttbln, WÉ'ii,:n body ílyjdtf iìríom.toa -iddk. twnf ihmh 1 
nHiMrtPS PlJdum jnd phn>sph«fi“'t , J .iníL H# ibpni' Ift’epnftf r . **'Ak 
rn(d. BdII'. «mignirtiun: irèd pp.íi-. i v.wTi lìelp PbgiiJi*N- thti- pH 
o! b'jiJy fluh9- t +, «LU m.Hjneshjm .-Itò hHping bo'ì' .rírtò 1 Ij .. .M 
riu-rt fhfldSlkPl !*i maghfeSitini éiìd nerjliaÌLHtl *Kfcrtfte b^.Lift; 




ijets Jm* hfl)h m pMàf mirfli, 

P'íjEeMI Hjp^llt-s ihti iITAK titiih tLfnítid Id mjtkr rnlliff 
«jl‘ì ., ti'. 1 iHih giwn baf|íuisue riiíSiii-P (fty. N|f--ìi;f>oiÉl#y.il?.li,^g£ 
rifilry, w>y, .iMtd ìluìi jire ejíeeíient sflnrers at píoe^m 

VHamfl £ htìJps aimiilatn caU*n j 'n Eyfllhesis, a#wiv ííinrvn 

t) helps ihi- difliailvfl ^ .itiHirb ealrbim, mia it r i.igBd 

rn-íklng n mMflljVÌr fof l»w. WfD*í wig.-i.i 

bli-v nrrfreh In vTtflmifl. C. Ffrw tedtìi MHipty HttrrtihO Hrtfabli* 
inyrLtì. irHlude 1.-illy hìh aftd fnfì?liied rtálL IJmeI, SifllrL aiki 
in.igs <ilift (flniiliil W*ry yhrill .imqui1tv 

Llke rniiiidr. bone béDoiii^ vflMkfined vr.i!• riliiftiL 
Ctìrts*sM!nl tìfèrehtì pfe.moti'5 a íirongef, dwiMr sftedttdft hy 
ejnnglflrína bort'- ifl jtvmdj mori 1 efikigm ind phospfMiv tinm 
thfi blood. h dytínti ihr mk ef aviifopomilv. A he-ihhy llh'Mvlf 
■iM lni-|,.-:|.-i j Y g.-l nrr -.rnnklng find sKinK p 4vr .'kflhfll enh 
NyittpLibie bgflh qf Whlíh de^ti-dy! bane ^ríeiijiri nnd IfìhlfeKl 
jKrtVeffttprth. Hlgti tìff É..ftV«nfl •« lh( dim nu*y ..4*r4ito 
tílfe VktiLfii tar- □# akiufn. 


Health Maintenanee boxes offer 
useful information on how to keep 
the body healthy. 


A Closer Look boxes provide 
in-depth seientifie detail on 
seleeted topies. 





eollagen: The Sody's SeaffoldEng 


1TW rrtr«l ihLind.int frotnn *« ihr* body 
m.iking up áLkmS ZA 0* |ufW fl*bl*in H 
ctìn,sgwi iò PTiimti dteívtidi hom ,1 Gw#k wwd 
nvhirer.g ’glyti. i^f-flJs Hì - , i:«4t à> ihr m**n MfUC j 
iural Dfiitfifv In EjHyMtítot il.siirf 

HibfatóHli HKitfta eertliigfiíinToksyltì intoihesyrroiifliJ 
rvj- rru3TÌ3c wh"rn ihf mnlPtiuli | !| irs llu?n jssj-mbTpd ima 
fibtìis, Ttì“«í r.biHH glVfe the mtilfn iCv itreflfliri fifd |fev Hi;s|bii 
Liy Cfik4gfin fltiW , hTghtwisiltì stiength iheni sir Dhge« 
lh*n EJflel hbm ot ihe same E-*ze and ifyeJr fleMbiliry eanlers 
ir.iikj neGi ori ehe Ins-nn Hid-t eófita^ ihem Fw Ekirfipi.- »IU 
giinyvvkln,bflnr* r lflndo«i,qnd Ug,imcnii rrrísti pulling bferi, 

wh.'rttjiv eOlljigim fggnd injDlnl HiijMgti anri b'.'hv.^n vi. rfit 
bfAtì rr-.r,n r nmpfM.w3ffi.Bjyí-sÌ òn dmrntnìtìid IhèJi' 

rMH' #r f . .. -.1 1 y Iftkn of c.dli*gi'D. I-Jth qf pyf ikli lmp«' I l n dirit-i- 
dM trttìÉiflf p V !a tht- ennneilFflt tiiíue- íWird*ni#m it 


Jhe tìf i rjll.iq.- i-. filir^ i ki llìtì itìrtlM- N'tfMh 

frtu<h rtbuuE Iht 1'vnJf‘i híTHt+Dfs, Irt llre skm jn.l mtiìTifcd-ji>irt 
ttìVffiJirj rliitìdfef *rWI tìrejii 1 ' 'á.-, eolla^fen hEMH % .ììí* jpi.i igtrri 

ifre'jytjriy, #fth fibtìís jynning in áH (fereeilDm, Ths nrtyle h m 
tlmjie tttrí i3n rrKiíi iftsMehmg íejitítf iri rnaáiy diíftìJeikl diiee- 
tlònt In Lendórrs flfirì lig.j'ntìflii co!í*fltìn hfeeri hove * prtrfil 
ie^ arrflngeniiarn; formmg H/ong *op*ííbe c®idí ìkìt enn rtrísl 
longTfljdlflai phllmg Torees m h*ynt ris>ue. cdUag*n nbefí 
iflrartgenHtnt prontefipi dpjHnlftòn aí fiaÉ.lur»i ',.ihi 

mtoVhfeliíHK -vhk.h glytn bonn ynungihwhilr .ifsoprm nilng 

HndíbÉ^ 

tìll.hjfm’v v.ir rtd Mp'rtta 4rT| «*l*t^v flV'rikflt ln ih^ 
pffipfil .ítto« Pf .1 IJH-'Mtìfl h CfTÍfflMl ll á Ldll.r.JrtTI í*HlriWl 

ftndtì by btìiling dhllfl.il bnhe-i jrid illJHtií etìnneelJtfp- Trtfiltt II 
1 » fi y|UCíKrt llfibkf Jn iMfl tofltí* tw< fofffffìl à ìtìffflliefld íjíl nn 
enailng 
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Interaet... 

To better prepare students for the ehallenges theyll faee in the health 
eare field, the 11 th Edition and its related resources include exercises and 
aetivities that get students involved with the material in hands-on ways and 
help students build their seientifie literaey and problem-solving skills. 


New! 


Chapter questions related to the 


full-body The Body Visible transpareney 

insert deepen student understanding as 
students perform a virtual disseetion 
of the human body from skin down 
to bone and test themselves on their 
understanding of skin, muscles, bones, 
veins/arteries, ete. 



ONE STEP AT A TIME 

Mastering Multistep Pathway$ 


Bot 10-2 



Tb#v ehAptrr cìKcuvvk o* ih* tnoM 
eompir* pioefvvn in th* body-hrji 
ihQ *nd Und*ntiin<^nQ thrv proo»;w rt 

btemrv# mablH m to ò*Mgn vffntivr trfntmrnt for vtnory 
<lKxdrrs, Thiv box provfeks v>mr vtntrgi^v thtt you oan o»r 
lo Andly tr. *ny mohniep tidtim**y 

QUSSTlOM 

ifoaríng akH »imp4lfy vound havti tx ptaìn vrfvy á hearlng 
would be ol llivmrd nse to «*r#sci EvanS òed neiv 

ANSWCW 

St#p 1. toarn th* of th* p#thway Ahhnogh your firvt 
vtrp ts to c**d tti* tr*1boolr and look «%t fhe dtagrjfnv yir^ II 


vlmul4t*on,4nd vhane** ar* ypu will rcmrml**« th* p<i«bw*> 
foi a lung tJmr 


St«p 2 . Idontify th# damagtd eomponont. in thr eave 
mmmgtth damagvd Evanì hai# eHlv Fo»o ttie halr eelh »n 
ilst of >t«ps v w your rok-pljyvívg MhMitition. Tbry ate itspor^ 
tlbl# for th* h»ml ilrp ot tréftvnltvm^ fh* vignal to thr v«\tibu 
totOcMo*v neryr. 

Strp 3 .D«l#rm»n« thv impaet of lh« damagrd eomponpnt. 

n*movr th# vlip of popor or prrvon Niprrsmtirvg ha* c«Kv 
*nd wf If you» pathivay still vvorkv Memrmber tfMt raeh strp 
lll * p»vthw.vy drprndv Oft thr p/«?viouv ítrp if onr vtrp fdflv 
àny %ubirqM»n1 ldowmtrrMml *.trp ivlH not oeevir In EvanV 
easr.thr laek of halr ef pt«rvfnn movrmrntt a§ tf*»f+ctorial 


Online interaetive learning 

aetivities, including crossword 
puzzles, flash eards, and games, get 
students aetively involved with the 
eontent, enhaneing their mastery of 
key eoneepts. 


A eompanion Study Guide and a Coloring Atlas 
of the Human Body ean be paekaged with the 
book to further enhanee student mastery 
through hands-on aetivities and exercises. (See 
pages xx and xxi for more details.) 


23. Ust' Tbf RoJy Vísihk nverlays .ir the heginnmg ol this 
h hot>lí tíj njme ehe Jatfrdl htnif nf the lower íeg, N t imc tbe 
proxìrnat bojie ol the arm. 




ew 


ne Step at a Time features expand 


on basie seienee eoneepts introduced in 
the ease study by walking students step- 
by-step through higher level eritieal 
thinking aetivities, such as developing 
seientifie literaey and problem-solving 
skills. 
















Learmng Objeetìves 


ÀíLft eaiidM 'jI j Jj- nf tíiii ef-iFler. yt-j i3™ld b# 

#b(r 41?: 

■ 1 • 

1 Hjm# jnd tímoi>*» tfrv Uyr-*i dF Ww 
ilin. £. A2 

2 ■ íkMríbp subtiilj etìiii Llyir„ p. 

5 *■ 'jI'.t E'íe D>:aLiDiiL jn-á hmeEmrt 
«tf 1 Pv m+ífti't SVK-lbHn OÍ CF>r 
int#^fririiULiy v I 'iípm. p. S4 

4 ► |M: tli# miin fuiKtipnt pf thH 

int^-L^jrntjry ipiarn, p, Sé 

£ p Dívtjss bhB thlrt cnnLi i«Jl#- bo 

lt*h íOltìr. fi. SS 

£ * tBSe tíle Sttpb Ih TijHlr o* Jjfln mHi’dt 
tbn ehJt ifffrl hfi*|lnq 
p. É$ 

7 * tlesmbí 1 *»!■ lfw- iMlT ehjágn with ag*?-. 

p. $9 

i fc lll-ng TftltírffJSb.- I- EHí ÉJM tìijdy jnd 

ihf tf4t tfptaln hriH j Ghjtti ■dlsriipts 
líem fynrtÌDfi. pp. &I, ## 

9 * StA’stt ho-A umrd pjrls .nr u'.nu 3o hu>ld 
w?idi ml.iLed EEr I hr lrrtequif*tìt*qf 
stfAeifl f>cv Ittífld ^flfltisnsy j- rhr rnd &l 
Ih^ tfiJKPPk p- ÍJ 


ehapter-opening Learning Objeetives 

orient students to the key eontent 
they will be learning, enabling them 
to "read with a purpose." 


ANGtiLARIES MlMQkvae 


Vistt ! 1 • twvMW.thcpoifiyww.com/NflmrnlcrSFHfcSl1e'> to aeeess tho loltavrlng restHjreDi, Fur guidancp in ysing Ihis 

IflKtimel Ife resouH:w *fK5£t tlvoly r 5fl* pp- >í hxiífcL 

btarmrtg RESOURCES 

itìomÌJip ACTIVmES 

► Tlpi For '£0S$m àmtíylrtg 

* PJU-Qmì2 

► Wéb ehart Stolni Stmehma- 

p> VrsijHt Act>(rinps 

► WEb Chart AeeflEsory Stdn* Stnieeyres 

■ KlllEDlJlL'tie JtjellVltteS 

* Anjrtkatiofi; WOvfid Hflàlirtg 

J HeaiEh Profflssíons: Registereeí Nut5E 

™w3Nrtaited ehaptor Pvtnnt 

* Aíl 5 Wflr^ EO Quesrton5 ÍG* St JOy and 1íflv!BW' 

* AífOHofy AcHviti« 


Andllary callouts identify additional 
resources available online students ean turn 
to for help, such as animations, quizzes, 
an audio glossary, a supplementary image 
bank, ehapter outlines, and handouts. 


Aeeessory Structures of 
the Skin 

TIh- irucuumn»t.iry ivstem iiicIikIcn soiiil- vtnjcturcs aseoo 
Jted with the skin—nlands. hair. and rtails—tliJt proteet thr 
skin .utd serve other fiinetnms. 


See the Student Resources on n* , n for a ehart 
summatizing the skln’s aeeessory structures. 


VVlten tiinLLilly htirnted sMhsijnLL-s sh-t- 
iiih'e ur vVAti't. ilir jnim- --j.-fi.irjIe mn, i.,nrnpiíiinds i’n.n 
íekjsí ient whun thty disiíolye m witicr jíu ejJled dfóMh 

IlIhs i-' ] I k i ti i Lin-vJ NiJtf ih.n irt ppn.Tife, ih. rLTjn L ■ 
(ndyír* is .11vi l LLsrJ ln U l, i TJ, Th,- U-rL> rlICI i hclVlíi m I'iJs 
iFunF=,. l-.h etKih icíi inritide-i L-,in L rj cl -, ilr>., sucF,.,- ■hiJj.jm. 
ehlitnJe .ntJ pntJssiLnri L'hlnrnJí: Hirt ,ilsu Lr. L !LiJ L - .mJs 
tn,.l htvs. ivhieh ,uc rtspemlhle Ilt iIh- -ici,.Iilv vr dk 
trj <ir hirily ÌIijMh >s L] L 'SLrj]'. LL l shnrtly. ^ ht ail lVísív 
», jfí. i>«»nit ,i/ ,J pi niíH-i>ly , jLntí J nd a JJe^ííiín >p/y 

eírjr^jf ti!inr,i l*)> ,ju j.ivf. /i. ,u,í. ! Elccm>ly[es rmiii 

k- pn.-Mrnr ifi iFii: proptr c L «n.ccntiiini>ru in the irtrraet Hnl.ir 

.ViilI evJf.H.í'lli'Ì.ir llijni-., «L|- d.i m,1 t'.IIH I llf<h SVill lesgh, .1 . 

vi-tfn m M,irjj.i e i?r's sji* c mu l Ll. whldi >|itiiMh»s ■.h.ipr, ;- 


|f ’Thv MtsfLMieeptn'Hi Altrts tcJlured iil tfyeíy L li ipter |tu> lwok 
tkTivetf frtnii aimiTiori mr f On s sntdLiin, niiiki' m nnfnmdijiu m tgjemniìlb 
JTft'pLJp .in ortlme supplemenial rtìvit-sv pKjgrjim .iv.nLihlt 1 SL-pi F.ìiely For ihídí 
[lTt, Fur Fttfonnam.iii on ,kju‘ssì i iiy, prcf.il pp, tvHi-vìíí gf div ttserV 
Gllide JI t,hv irnrtf ni tlrns rm, 



New! 


Miseoneeption Alerts, marked by 




an ieon, point out eommon student 
miseoneeptions (identified by the 
prepLI adaptive quizzing program). 


A Look Bad highlights eontent from prior ehapters 
that will help students understand the new topie 
presented. 
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Review, Remediate, & Reinforee ... 

Every ehapter is rieh with built-in pedagogy designed to help 
students assess their understanding, review topies that they still 
need to master, and reinforee their learning of A&P topies. 


'fPreplt 



quizzes powered by prepU help 
students learn more and improve 
their pass rates on exams. (See 
next page for details on prepU.) 
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Chapter Wrap-Up 




Summary Overview 


An end-of-ehapter Summary Overview 

includes a visual outline, list of key terms, 
and medieal terminology analysis. 
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Questions for Study and Review test reeall, 
eomprehension, and erìtieal thinking with 
a varíety of question styles, including 
fill-in-the-blank, multiple-choice, short- 
answer, and short essay, as well as 
questions that require students to apply 
body proeess and system knowledge to 
the ehapter-opening ease study. 
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An online quiz bank allows 
students unlimited drill, 
praetiee, and review. 
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Improve student success and get a window 

into your students’ progress... 

Give your students a personalized study experience 
with prepll adaptive quizzing, an integral eom- 
ponent of Memmler’s Structure and Fimetion of the 
Human Body, \ lth Edition. 



How prepU helps every student learn more and improve their 
pass rate on exams: 



• Using the personalized ehapter-by-ehapter 
quizzes in prepU, your students ean dríll 
themselves on A&P eontent and inerease 
their retention of key eontent. Eaeh question 
not only provides an explanation for the 
eorreet answer, but also referenees the 
textbook page to faeilitate further study. 

• prepU ehallenges students with questions 
that eorrelate with the material they 


have learned in the text, enhaneing their 
mastery of A&P eoneepts. 

• prepU provides a personalized learning 
path through the eontent. As students 
master questions, prepU inereases 
the difficulty of questions presented, 
effeetively driving student understanding 
of A&P eontent to a mastery level. 
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How prepU helps you gain insight into your students’ progress: 


<PrepU 
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Number of Questions Ànswered 


Strengths i Weahnes$es 

The Slrengths & Weaknesses seelion shows the top íhree eliaplars in which studenfs are doing we!l and the three 
the mosl. 


ehaplers in whtch your stiidents are stnjgrjling 


Strong ehaplers: 



• prep [ elearly identifies eommon 
miseoneeptions. Class statisties allow you 
to identify eoneepts that the majority of 
the elass is stmggling with so you ean 
adjust your elass time aeeordingly. 


• prep provides reports by individual 
student so you ean traek eaeh student's 
level of understanding—by ehapter—and 
remediate in real time. 


To paekage prepli with the 11 th Edition, 

visi thePoint.lww.com. 
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Extend your students’ learning beyond 
the textbook... 

An ideal aeeompaniment to the 11 th Edition 


Along with the eompanion website on 
thePoint, this Study Guide is the ideal 
eompanion to the 11 th edition of Memmler’s 
Structure and Function of the Human Body. 
Following the text’s organization ehapter by 
ehapter, the Study Quide provides a full range 
of self-study aids that aetively engage students 
in learning and enable them to assess and build 
their knowledge as they advanee through the 
text. Help your students master A&P eontent 
and make the most of their study time with this 
aedaimed resource. The Study Quide includes 
exercises for all learning types, induding: 
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Writing exercises 



Coloring and labeling 


exercises 
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Matehing exercises, 
short-essay questions, 
multiple-choice, fill- 
in-the-blank, and 
true-false questions 
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A hands-on, interaetive learning tool 


Take your students’ understanding of 
anatomy & physiology to a new level with 
eoloring exercises and flasheards that get 
them aetively involved in the eontent! 

• Coloring exercises feature bulleted narrative 
information on the left-hand page and figures 
with structures to eolor on the faeing page. 

• Flasheards, which ean also be eolored, show 
approximately six labeled structures on the front 
and the names of the structures on the baek. 

• Additional eoloring exercises and bonus study 
and test-taking tips are available online. 



To paekage these student success resources with 
Memmler 's Structure and Function of the Human Body, 

visil thePoint.lww.com. 
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Save time on administrative tasks and 
enhanee your students’ success ... 

Memmler’s Structure and Function of the Human Body , 

11 th Edition, is siipported by an iinparalleled array of online 
instmetor resources, induding: 



Ínsirtítior's Monnol for ME M M L E R' S 



Personalized ehapter quizzes powered by preptl that 
give you a window into student and elass progress 
by highlighting miseoneeptions, strengths, and 
weaknesses, so you ean adapt lectures, discussions, 
and elass aetivities aeeordingly. 

An improved Instructor’s Manual that provides a 
pragmatie, easy-to-use roadmap on how the book and 
supporting resources ean be best integrated into the 
elassroom, including tips for use in a flipped elassroom 
or for online learning. 

A robust test generator that makes building tests and 
exams quick and easy. 

Lesson Plans that make the text easier to teaeh. 

Pre-loaded PowerPoint presentations that speed 
lecture preparation. 

A eomplete image bank to enhanee lecture and exam 
preparation. 

More than 25 animations that ean be ineorporated into 
your lectures to help your students better understand 
complex eoneepts and proeesses. 

Answers to Questions for Study and Review that provide 
responses to the text’s end-of-ehapter quizzes. 


All instructor resources ean be aeeessed online at 

thePoint.lww.com/MemmlerSFHB 11 e 
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Tbe Body Visible is a unique study tool designed to enhanee 
your learning of the body’s systems in this course and in 
your future work. 

Tbe Body Visible illustrates the systems discussed in the 
text in the same sequence in which they appear in the text. 
Eaeh full-color detailed illustration also eontains numbers 
and lines for identifying the structures in the illustration. 
A transparent overlay with labels for all of the numbered 
structures in the art aeeompanies eaeh image. 

With the labels in plaee, Tbe Body Visible allows you 
to study eaeh illustration and helps you learn the body’s 


structures. When you view eaeh system without the 
overlay in plaee, Tbe Body Visible beeomes a self-testing 
resource. As you test your knowledge and identify eaeh 
numbered part, you ean easily eheek your answers with 
the overlay. 

Many of the images in Tbe Body Visible have somewhat 
more detail than is eovered in the text. We encourage you 
to keep Tbe Body Visible available as a general refer- 
enee and as a useful study tool as you progress to more 
advaneed levels in your ehosen healtheare eareer. 

Tbe Body Visible* begins on the next page. 


i?. 


The images in The Body Visible are adapted with permission from Anatomieal Chart Company, Rapid Revieiv: A Guide for Self-Testing 


and Memorization , 3rd ed. Philadelphia, PA: Lippineott Williams & Wilkins, 2010. 
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The Body as a Whole 



CHAPTER 1 
CHAPTER 2 
CHAPTER 3 
CHAPTER 4 
CHAPTER 5 


► Organization of the Human Body 

► Chemistry, Matter, and Life 

► Cells and Their Functions 

► Tissues, Glands, and Membranes 

► The Integumentary System 


The ehapters in this unit provide the foundation for further studies of the human body. The unit begins 
with a broad overview of eoneepts in human anatomy and physiology and then zooms in to discuss the 
smallest units of matter—atoms and molecules. We then widen our view to discuss the smallest units 
of life, ealled eells, and continue to enlarge our seope even further to discuss groupings of similar eells, 
known as tissues. The final ehapter in the unit illustrates some of these basie prineiples with a study of 
the skin and its assoeiated structures. 












CHAPTER 


Organization of the Human Body 



Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Define the terms anatomy and 

physiotogy. p. 4 

2 ► Deseribe the organization of the body 

from ehemieaLs to the vvhoLe organism. 

p. 4 

3 ► List 11 body systems, and give the 

generaL function of eaeh. p. 4 

4 ► Define and give exampLes of 

homeostasis. p. 5 

5 ► llsing exampLes, discuss the eomponents 

of a negative feedbaek Loop. p. 5 

6 ► Define metaboLism, and name the tvvo 

types of metaboLie reaetions. p. 8 

7 ► List and define the main direetionaL 

terms for the body. p. 8 

8 ► List and define the three pLanes of 

division of the body. p. 9 

9 ► Name the subdivisions of the dorsaL and 

ventraL eavities. p. 10 

!()► Name and Loeate the subdivisions of the 

abdomen. p. 12 

11 ► Cite some anterior and posterior body 

regions aLong vvith their eommon names. 

p. 13 

12 ► Find exampLes of anatomie and 

physioLogie terms in the ease study. 

pp. 3 r 15 

13 ► Shovv hovv vvord parts are used to buiLd 

vvords reLated to the body's organization 
(see Word Anatomy at the end of the 
ehapter). p. 17 


















A & P in Aetior Mike’s Case: Emergeney Care and Possible System Faihire 



Loeation—BeLLe Grove Road. Single MVA. 
MaLe. EarLy 20s. Fire and poLiee on seene/' 
eraekLed the radio. yy Medic 12. Respond 
ehanneL 2." 


yy Medic 12 responding. En route 
to BeLLe Grove Road," Ed radioed baek, 
whiLe his partner, Samantha, fLipped 
the switch for the Lights and siren 
and hit the aeeeLerator. When they arrived at the seene, poLiee 
offieers were direeting traffie, and a fire crew was at work on 
the vehieLe. Samantha parked the ambuLance just as the crew 
breaehed the door of the emmpLed minivan. Samantha and Ed 
grabbed their trauma bags and approaehed the wreck. 

Ed bent down toward the injured man. yy I hearyour name 
is Mike. Mine is Ed. I'm a paramedie. My partner and I are going 
to take a quick Look at you and then get you out of here." 

Samantha inspeeted the vehieLe. "Looks Like the impaet 
sent him up and overthe steering wheeL. Guessing from the 
eraeked windshieLd, he may have a head injury. The steering 
coLumn is bent, so I wouLdn't ruLe out thoraeie or abdominaL 
injuries either." 

Ed agreed. yy He's got forehead Laeerations, and he's dis- 
oriented. Chest seems fine, but his abdominaL eavity couLd 


rr 


be a probLem. There is signifieant bmising aeross the Left 
Lumbar and umbiLicaL regions—probabLy from the steering 
wheeL. When I paLpated his Left upper quadrant, it caused 
him eonsiderabLe pain. 

Samantha and Ed carefuLLy immobiLized Mike's eervieaL 
spine and with the heLp of the fire crew, transferred him to 
a streteher. Samantha started IV fLuid whiLe Ed performed 
a detaiLed physieaL examination beginning at the head and 
working inferiorLy. Mike's bLood pressure was very Low, and his 
heart rate was very high—both signs of a cardiovascuLar emer- 
geney. In addition, he had beeome unresponsive to questions. 

Ed shared his findings with Samantha whiLe she pLaeed 
an oxygen mask over Mike's nose and mouth. yy He's hypoten- 
sive and taehyeardie. With the pain he reported earLier, signs 
are pointing to intra-abdominaL hemorrhage. We've got to 
get him to the trauma eenter right now." 

Ed depends on his understanding of anatomy and physi- 
oLogy to heLp his patient and communicate with his partner. 
He suspects that Mike is bLeeding internaLLy and that his 
heart is working hard to eompensate for the drastie deerease 
in bLood pressure. As we wiLL see Later, Mike's state of inter- 
naL baLanee, known as homeostasis, must be restored, or his 
body systems wiLL faiL. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANOLLARIES 7ìt-7ì-Qlance 


Visit hePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Abdominal Regions 

► Web Figure: Abdominal Quadrants 

► Web Chart: Body Systems and Their Functions 

► Web Chart: Direetional Terms 

► Web Chart: The Metrie System 

► Web Chart: Abdominal Quadrants (Details) 

► Animation: Negative Feedbaek 

► Health Professions: Health Information Teehnieian 


► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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Unit 1 The Body as a Whole 


S tudies of the body’s normal structure and functions are 
the basis for all medieal seienees. It is only from under- 
standing the normal that we ean analyze what is going wrong 
in eases of disease. These studies give us an appreeiation for 
the design and balanee of the human body and for living 
organisms in general. 

Studies of the Human Body 

The seientifie term for the study of body structure is anatomy 
(ah-NAT-o-me). The -tomy part of this word in Latin means 
“cutting,” because a fundamental way to learn about the human 
body is to cut it apart, or disseet (dis-sekt) it. Physiology (fiz-e- 
OL-o-je) is the term for the study of how the body fimetions; 
pbysio is based on a Latin term meaning “nature” and logy 
means “study of.” Anatomy and physiology are elosely related— 
that is, structure and function are intertwined. The stomaeh, for 
example, has a pouch-like shape for storing food during diges- 
tion. The eells in the lining of the stomaeh are tightly paeked to 
prevent strong digestive juices from harming underlying tissue. 

LEVELS OF ORGANIZATION 

All living things are organized from very simple levels to 
more complex levels ( Fig. 1-1 ). Living matter is derived from 
ehemieals, including simple substances, such as water and 
salts, and more complex materials, such as sugars, fats, and 
proteins. These ehemieals assemble into living eells—the 
basie units of all life. Speeialized groups of eells form tis- 
sues, such as muscle tissue and eonneetive tissue. Tissues 
function together as organs, for example, a muscle eontains 
both muscle tissue and eonneetive tissue. Organs working 
together for the same general purpose make up the body 
systems, discussed below. All of the systems work together 
to maintain the body as a whole organism. 

BODY SYSTEMS 

We ean think of the human body as organized aeeording to the 
individual systems, as listed below, grouped aeeording to their 
general fimetions. 

■ Proteetion, support, and movement 

■ The integumentary (in-teg-u-MEN-tar-e) system. The 
word integnment (in-TEG-u-ment) means “skin.” 
The skin with its assoeiated structures is our outer- 
most body system. The skin’s assoeiated structures 
include the hair, nails, sweat glands, and oil glands. 

■ The skeletal system. The body’s basie framework is 
a system of 206 bones and the joints between them, 
eolleetively known as the skeleton. 

■ The muscular system. The muscles in this system are 
attaehed to the bones and produce movement of the 
skeleton. These skeletal muscles also give the body 
structure, proteet organs, and maintain posture. 
Two additional types of muscle contribute to other 
body systems. Smooth muscle is present in the walls 
of blood vessels and many organs; eardiae muscle 
constitutes the bulk of the heart wall. 


Chemicals 



Figure 1-1 


Levels of organization. KEY POINTThe 


body is organized from the level of simple ehemieals by inereasing 
levels of complexity to the whole organism.The organ shown here 
is the stomaeh, which is part of the digestive system. 


Communication and eontrol 

■ The nervous system. The brain, spinal eord, and 
nerves make up this complex system by which the 
body is eontrolled and eoordinated. The nervous 
system also includes the speeial sense organs (the 
eyes, ears, taste buds, and organs of smell) and 
the reeeptors of the general senses, such as pain 
and touch. When sense organs or reeeptors deteet 
ehanges in the external and internal environments, 
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eleetrieal signals are transmitted along nerves to the 
brain, which direets responses. 

■ The endoerine (EN-do-krin) system. The seattered 
organs known as endoerine glands are grouped 
together because they share a similar function. All 
produce speeial substances ealled hormones, which 
regulate such body aetivities as growth, nutrient uti- 
lization, and reproduction. Examples of endoerine 
glands are the thyroid, pituitary, and adrenal glands. 

Circulation and immunity 

■ The cardiovascular system. The heart and blood 
vessels make up the system that pumps blood to 
all body tissues, bringing with it nutrients, oxygen, 
and other needed substances. This system then ear- 
ries waste materials away from the tissues to points 
where they ean be eliminated. 

■ The lymphatie system. Lymphatie vessels assist in 
circulation by returning fluids from the tissues to 
the blood. Lymphatie organs, such as the tonsils, 
thymus, and spleen, play a role in immunity, pro- 
teeting against disease. The lymphatie system also 
aids in the absorption of dietary fats. The fluid that 
circulates in the lymphatie system is ealled lympk. 

Energy supply and fluid balanee 

■ The respiratory system. This system includes the 
lungs and the passages leading to and from the lungs. 
This system takes in air and conducts it to the areas 
in the lungs designed for gas exchange. Oxygen 
passes from the air into the blood and is earried to all 
tissues by the cardiovascular system. In like manner, 
earbon dioxide, a gaseous waste product, is taken by 
the circulation from the tissues baek to the lungs to 
be expelled through the respiratory passages. 

■ The digestive system. This system is eomposed of all 
the organs that are involved with taking in nutrients 
(foods), eonverting them into a form that body eells 
ean use, and absorbing them into the circulation. 
Organs of the digestive system include the mouth, 
esophagus, stomaeh, small and large intestines, liver, 
gallbladder, and panereas. 

■ The urinary system. The ehief purpose of the urinary 
system is to rid the body of waste products and excess 
water. This system’s main eomponents are the kid- 
neys, the ureters, the bladder, and the urethra. (Note 
that some waste products are also eliminated by the 
digestive and respiratory systems and by the skin.) 

The reproductive system. This system includes the exter- 

nal sex organs and all related internal structures that are 

eoneerned with the production of offspring. 


Referenees may vary in the number of body systems eited. 
For example, some separate the sensory system from the ner- 
vous system. Others have a separate entry for the imnrnne 
system, which proteets the body from foreign matter and 
invading organisms. The immune system is identified by its 
fimetion rather than its structure and includes elements of 


both the cardiovascular and lymphatie systems. Bear in mind 
that, even though you will study the systems as separate units, 
they are interrelated and must eooperate to maintain health. 
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1-1 The paramedies were eoneerned about Mike's spinal 
column and his blood vessels.To which system(s) do 
these structures belong? 


THE EFFEdS OF AGING 

With age, ehanges occur gradually in all body systems. Some 
of these ehanges, such as wrinkles and gray hair, are obvi- 
ous. Others, such as deereased kidney fimetion, loss of bone 
mass, and formation of deposits within blood vessels, are 
not visible. However, they may make a person more subject 
to injury and disease. Ohanges due to aging are deseribed in 
ehapters on the body systems. 


CHECKPOINTS 



1 -1 VVhat are the studies of body structure and body fiinetion 
ealled? 


1-2 VVhat do organs working together eombine to form? 


See the Student Resources on thePoinf for a ehart 
summarizing the body systems and their functions. 


Homeostasis and Metabolism 

Despite ehanging environmental eonditions, normal body 
function maintains a state of internal balanee. Conditions such 
as body temperature, the volume and eomposition of body flu- 
ids, blood gas eoneentrations, and blood pressure must remain 
within a somewhat narrow range, known as a set point , if we 
are to stay healthy. This overall steady state within the organ- 
ism is ealled homeostasis (ho-me-o-STA-sis), which literally 
means “staying (stasis) the same (homeo).” 

Body fluids play such an important role in homeostasis 
that they deserve a speeial mention. One type of body fluid 
bathes the eells, earries nutrients to and from the eells, and 
transports some substances into and out of the eells. This 
type is ealled extracellular fluid because it includes all body 
fluids outside the eells (the prefix extra- means u outside”). 
Examples of extracellular fluids are the blood plasma (the 
fhfid portion of blood), lymph, and the fluid between the 
eells in tissues. A seeond type of fluid, intracellular fluid, is 
eontained inside the eells (the prefix intra- means “within”). 
The volume and eomposition of these body fhiids must be 
kept in homeostatie balanee at all times. Body fluids are dis- 
cussed in more detail in Chapter 19. 

NEGATIVE FEEDBACK 

The main method for maintaining homeostasis is negative 
feedbaek, a eontrol system based on information returning 
to a source. We are all accustomed to getting feedbaek about 
the results of our aetions and using that information to regu- 
late our behavior. Poor marks on tests and assignments, for 
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example, may inspire us to work harder to reverse the down- 
ward slide of our grades. 

Negative feedbaek systems keep body eonditions within 
a set normal range by reversing any upward or downward 
shift. Note that negative feedbaek doesn’t always mean less 
response; it just means an opposite response to a stimulus. 
Any negative feedbaek loop must eontain three eomponents: 

■ A sensor gathers information about a given body eondition. 

■ A eontrol eenter eompares the sensor inputs with the set 

point and sends a eorreetive signal if neeessary. 

■ An effeetor responds to the signal. 

A familiar example of negative feedbaek is the regulation of 
room temperature by means of a thermostat ( r ig. 1-2). The 
user determines the desired room temperature (the set point). 
Within the thermostat, a thermometer (sensor) measures the 
actual room temperature, and other eomponents (forming 
the eontrol eenter) eompare the measured temperature with 
the set point. If the measured temperature is too low, the 
eontrol eenter signals the furnace (effeetor) to produce heat 
and inerease room temperature. When the room temperature 
reaehes an upper limit (as deteeted by the sensor), the eontrol 
eenter shuts off the furnace. The eontrol eenter regulates the 
effeetor by means of eleetrieal signals traveling through wires. 

In the body, sensors in the brain and other organs eon- 
stantly monitor body temperature and send signals to a spe- 
eifie brain region (the eontrol eenter). This eenter aetivates 
effeetors (such as sweat glands) to eool or warm the body if 
body temperature deviates too far above or below the aver- 
age set point of approximately 37°C (98.6°F) ( : ig. T3). As 
with our thermostat example, eleetrieal impulses transmitted 
through the nervous system aet as signals between the eom- 
ponents of the feedbaek loop. 

As another example, let’s say you’ve just finished eating 
breakfast—a bowl of eereal and a glass of orange juice. As a 
result, the level of glucose (a simple sugar) inereases in your 
bloodstream. Blood glucose levels must be tightly regulated 
to prevent disease, so this inerease constitutes a ehallenge to 
homeostasis. Endoerine eells in your panereas aet as both 
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Figure 1-2 



Negative feedbaek. KEY POINT A home 


thermostat illustrates how negative feedbaek keeps temperature 
within a set range.This thermostat is set to keep the average 
temperature at 68°F. 


sensors and the eontrol eenter; they sense blood glucose 
levels and eompare them with the set point. When blood 
glucose levels rise above the set point, panereatie eells send a 
signal to muscle and fat eells (the effeetors) to inerease their 
glucose uptake. A hormone ealled insiilin aets as the signal, 
traveling through the bloodstream from the panereas to the 
effeetor eells. inereased glucose uptake and the subsequent 
drop in the blood glucose level cause the panereas to reduce 
insulin seeretion, and homeostasis is restored (-ig. T4). 


Cooling meehanisms 
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Figure 1-3 


Negativefeedbaekand body temperature. KEY POINT Body 


temperature is kept within a narrow range by negative feedbaek aeting on a eenter in the 
brain.The set point is 37°C. 
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Figure 1-4 


Negative feedbaek in the endoerine system. KEY POINT The 


panereas regulates blood glucose eoneentration using insulin as the signal. 


Many more examples of internal regulation by negative 
feedbaek will appear throughout this book, so study Figures 
1-2 through 1-4 elosely. Clearly, negative feedbaek systems 
are eritieal for maintaining our health. Box 1-1 uses the ease 
study to explain how to analyze feedbaek loops, and what 
happens when feedbaek eannot restore homeostasis. 


C7\SEP0INTS m 

1 -2 In Mike's ease, what was the major ehallenge to his 
homeostasis? 

1 -3 Which of these is an effeetor in the feedbaek loop—the 
brain or the heart? 



ONE STEP 









f-\ 


TIME 


Box 1-1 


Deeiphering Negative Feedbaek Loops 


Homeostasis and negative feedbaek are 
key eoneepts in your study of anatomy 
and physiology. It ean be difficult to identify the eomponents 
of a negative feedbaek loop, so here is a worked example to 
guide your future analysis of such loops. Note that the answer 
does not identify all of the eomponents. In life, we rarely have 
all of the information that we need to make a deeision. It is 
important to know what we know, and what we do not know! 


QUESTION 

Read through the opening ease study, which discusses a nega- 
tive feedbaek loop eontrolling blood pressure. Focus on these 
two sentenees: "He suspects that Mike is bleeding internally 
and that his heart is working hard to eompensate for the dras- 
tie deerease in blood pressure. As we will see later, Mike's state 
of internal balanee, known as homeostasis, must be restored, 
or his body systems will fail." Using Figure 1-4 as your guide, 
draw out the negative feedbaek loop involved. Use question 
marks for the eomponents that you eannot identify from the 
ease deseription. 


ANSWER 

Step 1: Identify the regulated eondition. The question 
wording tells us the answer to this step—blood pressure.The 


ease study tells us that Mike has a "drastie deerease in blood 
pressure." 

Step 2: Identify the ehallenge. The ehallenge is the event 
that alters the eondition.In the ease study, bleeding is the ehal- 
lenge that deereases Mike's blood pressure. 

Step 3:ldentify the sensor/eontrol eenter. The ease study 
does not give any information about how blood pressure is 
sensed or eontrolled, so we could use a question mark for these 
eomponents. 

Step 4: Identify the effeetor. The aetions of the effeetor(s) 
partially or eompletely reverse the ehange in the eondition. 
The ease study mentions that "his heart is working hard to 
eompensate...." So, we ean deseribe the effeetor as "inereased 
heart rate,"and we ean inferthat it inereases blood pressure. 

Step 5: Is homeostasis restored? The ease study tells us that 
Mike's blood pressure was too low,so the inereased heart rate 
only partially eompensated for the ehallenge. Homeostasis 
was not eompletely restored. 

Step 6: Oreate the drawing. Use the eomponents identified in 
steps 1 through 5 to redraw Figure 1-4. 


See the end-of-ehapter questions and the study guide for simi- 
lar questions that you ean answer yourself! 
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POPCORN 


Oatabolism 


Anabolism 



CORN 


Metabolism. KEY POINT Metabolism 
includes two types of reaetions. In eatabolism,substances are broken 
down into their building bloeks. In anabolism,simple eomponents 
are built into more complex substances. We use the breakdown and 
building of a simple word here as an example of these reaetions. 




Figure 1-5 


v. -—~ j 


See the Student Resources on thePoint® to view an 
animation on negative feedbaek. 


METABOLISM 

All the life-sustaining reaetions that occur within the body 
systems together make up metabolism (meh-TAB-o-lizm). 
Metabolism ean be divided into two types of aetivities: 

■ In eatabolism (kah-TAB-o-lizm), complex substances are 
broken down into simpler compounds ( r ig. T5). The 
breakdown of food, for example, yields simple ehemieal 
building bloeks and energy to power cellular aetivities. 
The energy obtained from the eatabolism of nutrients is 
used to form a compound often deseribed as the eell’s 
“energy currency.” It has the long name of adenosine 
triphosphate (ah-DEN-o-sene tri-FOS-fate) but is eom- 
monly abbreviated ATP. Ohapters 2 (see Figure 2-12) 
and 20 have more information on metabolism and ATP. 

■ In anabolism (ah-NAB-o-lizm), simple compounds are 
used to manufacture materials needed for growth, func- 
tion, and tissue repair. Anabolism eonsists of building, or 
synthesis, reaetions. These synthesis reaetions are fueled 
by ATP, as discussed in Ohapter 2. 

CHECKPOINTS ^ 

1-3 Where are intracellular fluids loeated? Extracellular fluids? 

1 -4 What is the defìnition of homeostasis? 

1 -5 What are the three eomponents of a negative feedbaek loop? 

1 -6 What are the two types of metabolie aetivities, and what 
happens during eaeh? 

Body Direetions 

Because it would be awkward and inaccurate to speak of 
bandaging the “southwest part” of the ehest, for exam- 
ple, healtheare professionals use standardized terms to 
designate body positions and direetions. For eonsisteney, 
all deseriptions assume that the body is in the anatomie 
position. In this posture, the subject is standing upright with 


faee front, arms at the sides with palms forward, and feet 
parallel, as shown in Figure T6. 


DIRECTI0NAL TERMS 

The main terms for deseribing direetions in the body are as 

follows (see Fig. 1-6): 

■ Superior is a term meaning above, or in a higher posi- 
tion. Its opposite, inferior, means below, or lower. The 
heart, for example, is superior to the intestine. 

■ Anterior and ventral have the same meaning in humans: 
loeated toward the belly surface or front of the body. 
Their eorresponding opposites, posterior and dorsal, 
refer to loeations nearer the baek. 

■ Medial means nearer to an imaginary plane that passes 
through the midline of the body, dividing it into left and 
right portions. Fateral, its opposite, means farther away 
from the midline, toward the side. For example, your 
nose is medial to your ears. 

■ Proximal means nearer to the origin or attaehment point 
of a structure; distal means farther from that point. For 
example, the part of your thumb where it attaehes to 
your hand is its proximal region; the tip of the thumb is 


Superior 

A 


Anterior 

(ventral) 




Medial 


Lateral 


Inferior 


Posterior 

(dorsal) 



Direetional terms. KEY POINT Healtheare 


Figure 1-6 


professionals use standardized terms to deseribe body direetions. 

ZOOMING IN What is the seientifìe name for the position in 
which the fìgures are standing? 
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Frontal 

(eoronal) 



Sagittal 

plane 



Transverse 

(horizontal) 

plane 



Figiire 1-7 


Planes of division. KEY POINTThe body ean be divided along three different planes. ZOOMING IN 


Which plane divides the body into superior and inferior parts? Which plane divides the body into anterior and posterior parts? 


its distal region. Considering the mouth as the beginning 
(origin) of the digestive traet, the small intestine is distal 
to the stomaeh. Stndents eommonly eonfnse the terms 
distal and lateral. Both indieate farther aivay ; but the 
point of referenee varies. Lateral means atvay from the 
midline and distal means atvay from an origin or attaeh- 
ment point. For instanee, in the anatomie position the 
thumb is lateral to the pinkie, but the pinkie is distal to 
the thumb. * 


See the Student Resources on thePoint® for a ehart 
of direetional terms with definitions and examples. 


PLANES OF DIVISION 

To visualize the various internal structures in relation to eaeh 
other, anatomists ean divide the body along three planes, eaeh 
of which is a cut through the body in a different direetion 
(Fig. 1-7), as follows: 

■ Frontal plane. If the cut were made in line with the ears 
and then down the middle of the body, you would see 
an anterior, or ventral (front), seetion and a posterior, 
or dorsal (baek), seetion. Another name for this plane 
is eoronal plane. 

m s: 'The Miseoneeption Alerts featured in every ehapter of this book are 
derived from eommon errors students make in responding to questions in 
PrepU, an online supplemental review program available separately for this 
text. For information on aeeessing prepU, see pp. xviii-xix of the User’s 
Guide at the front of this text. 


■ Sagittal (SAJ-ih-tal) plane. If you were to cut the body in 
two from front to baek, separating it into right and left 
portions, the seetions you would see would be sagittal see- 
tions. A cut exactly down the midline of the body, separat- 
ing it into equal right and left halves, is a midsagittal plane. 

■ Transverse plane. If the cut were made horizontally, 
aeross the other two planes, it would divide the body 
into a superior (upper) part and an inferior (lower) part. 
A transverse plane is also ealled a horizontal plane. 

Some additional terms are used to deseribe seetions (cuts) of tis- 
sues, as used to prepare them for study under the mieroseope. 
A eross-seetion ( r ig. 1-fi ) is a cut made perpendicular to the 
long axis of an organ, such as a cut made aeross a banana to 
give a small round sliee. A longitudinal seetion is made parallel 
to the long axis, as in cutting a banana from tip to tip to make a 
sliee for a banana split. An oblique seetion is made at an angle. 
The type of seetion used will determine what is seen under the 
mieroseope, as shown with a blood vessel in Figiire 1-8. 

These same terms are used for images taken by teeh- 
niques such as computed tomography (CT) or magnetie reso- 
nanee imaging (MRI) (see Box 1-2). In imaging studies, the 
term eross-seetion is used more generally to mean any two- 
dimensional view of an internal structure obtained by imag- 
ing, as shown in r igure 1-9. 

CHECKPOINTS 

1-7 What term deseribes a loeation farther from an origin, 
such as the wrist in eomparison to the elbow? 

1-8 What are the three planes in which the body ean be cut? 
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seetion 



Longitudinal seetion 



Oblique seetion 


Figure 1-8 


Tissue seetions. 



KEY POINTThe direetion in vvhieh tissue is cut affeets vvhat is seen under the 


mieroseope. 


Body Oavities 

Internally, the body is divided into a few large spaees, or eavi- 
ties, which eontain the organs. The two main eavities are the 
dorsal eavity and ventral eavity ( : ig. 1-10). 

DORSAL CAVITY 

The dorsal body eavity has two subdivisions: the eranial eavity, 
eontaining the brain, and the spinal eavity (eanal), enelosing 
the spinal eord. These two areas form one continuous spaee. 

VENTRAL CAVITY 

The ventral eavity is much larger than the dorsal eavity. It 
has two main subdivisions, which are separated by the dia- 
phragm (Dl-ah-fram), a muscle used in breathing. The thoraeie 


(tho-RAS-ik) eavity is superior to (above) the diaphragm. 
Its eontents include the heart, the lungs, and the large blood 
vessels that join the heart. The heart is eontained in the 
perieardial eavity, formed by the perieardial sae, the tissue 
that surrounds the heart; the lungs are in the pleural eavity, 
formed by the pleurae, the membranes that enelose the lungs 
( : ig. 1-11). The mediastimim (me-de-as-TI-num) is the spaee 
between the lungs, including the organs and vessels eontained 
in that spaee. Remember that the mediastirmm is betiveen 
the limgs; it does not eontain them. 

The abdominopelvie (ab-dom-ih-no-PEL-vik) eavity 
(see Fig. 1-10) is inferior to (below) the diaphragm. This 
spaee is further subdivided into two regions. The supe- 
rior portion, the abdominal eavity, eontains the stom- 
aeh, most of the intestine, the liver, the gallbladder, the 



HOT TOPICS 

Medieal Imaging: Seeing without Making a Cut 



Box 1-2 




Three imaging techniques that have 
revolutionized medieine are radiography, 
computed tomography, and magnetie reso- 
nanee imaging. With them, physieians today ean 
"see" inside the body without making a single cut. Eaeh teeh- 
nique is so important that its inventor reeeived a Nobel Prize. 

The oldest is radiography (ra-de-OG-rah-fe), in which a 
maehine beams x-rays (a form of radiation) through the body 
onto a pieee of fìlm.Like other forms of radiation,x-rays damage 
body tissues, but modern equipment uses extremely low doses. 
The resulting picture is ealled a radiograph. Dark areas indieate 
where the beam passed through the body and exposed the fìlm, 
whereas light areas show where the beam did not pass through. 
Dense tissues (bone, teeth) absorb most of the x-rays, prevent- 
ing them from exposing the fìlm. For this reason, radiography is 
eommonly used to visualize bone fractures and tooth deeay as 
well as abnormally dense tissues like tumors. Radiography does 
not provide elear pictures of soft tissues because most of the 
beam passes through and exposes the film, but eontrast media 
ean help make structures like blood vessels and hollow organs 
more visible. For example, radiologists use ingested barium sul- 
fate (which absorbs x-rays) to eoat the digestive traet for imaging. 


Computed tomography (CT) is based on radiography and 
also uses very low doses of radiation (see Fig. 1-9A). During a 
CT scan,a maehine revolves around the patient, beaming x-rays 
through the body onto a deteetor.The deteetor takes numer- 
ous pictures of the beam, and a computer assembles them into 
transverse seetions, or "sliees." Llnlike eonventional radiography, 
CT produces elear images of soft structures such as the brain, 
liver,and lungs.lt is eommonly used to visualize brain injuries and 
tumors and even blood vessels when used with eontrast media. 

Magnetie resonanee imaging (MRI) uses a strong mag- 
netie field and radio wave (see Fig. 1-9B). So far, there is 
no evidenee to suggest that MRI causes tissue damage. 
The MRI patient lies inside a ehamber within a very power- 
ful magnet.The molecules in the patient's soft tissues align 
with the magnetie fìeld inside the ehamber. When radio 
waves beamed at the region to be imaged hit the soft tissue, 
the aligned molecules emit energy that the MRI maehine 
deteets, and a computer eonverts these signals into a pie- 
ture. MRI produces even elearer images of soft tissue than 
does CT and ean ereate detailed pictures of blood vessels 
without eontrast media. MRI ean visualize brain injuries and 
tumors that might be missed using CT. 
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Figure 1-9 


Cross-sections in imaging. Images taken aeross the body through the liver and spleen by (A) 


computed tomography and (B) magnetie resonanee imaging. 


DORSAL OAVITIES 


VENTRAL OAVITIES 



Figure 1-10 


Body eavities, lateral view. Shown are the dorsal and ventral eavities 


with their subdivisions. ZOOMING IN What eavity eontains the diaphragm? 
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Thoraeie -< 
eavity 
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Perieardial 
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Diaphragm 



Figure 1-11 


The thoraeie eavity. KEY POINT Among other structures,the 


thoraeie eavity eneloses the perieardial eavity, vvhieh eontains the heart, and the pleural 
cavity,which eontainsthe lungs. 


panereas, and the spleen. The inferior portion, set off by 
an imaginary line aeross the top of the hip bones, is the 
pelvie eavity. This eavity eontains the urinary bladder, 
the rectum, and the internal parts of the reproductive sys- 
tem. See Figures A3-12 in Appendix 3, Disseetion Atlas, 
for disseetion photographs showing organs of the pelvie 
eavity. 


DIVISIONS OF THE ABDOMEN 

It is helpful to divide the abdomen for examination and refer- 
enee into nine regions ( : ig. 1-12). 

The three eentral regions, from superior to inferior, are 
the following: 

■ Epigastrie (ep-ih-GAS-trik) region, loeated just inferior 
to the breastbone 



É 







Right 

hypoefìonelriae 





Figure 1-12 
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Thenineregionsoftheabdomen. KEY POINT 


Internal structures ean be loealized vvithin nine regions of the abdomen. 
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Figure 1-13 


Quadrants of the abdomen.The organs vvithin 


eaeh quadrant are shovvn. 



ZOOMING IN Which four abdominal 


regions are represented in the left lovver quadrant? 
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(toes) 


Figure 1-14 


Adjeetives for some anterior body regions. The names of the 


regions are in parentheses. ZOOMING IN Which adjeetive deseribes regions 
in both the upper and lower extremity? 


■ Umbilical (um-BIL-ih-kal) region, around the umbilicus 
(um-BIL-ih-kus), eommonly ealled the navel 

■ Hypogastrie (hi-po-GAS-trik) region, the most inferior 
of all the midline regions 

The regions on the right and left, from superior to infe- 
rior, are the following: 

■ Hypoehondriae (hi-po-KON-dre-ak) regions, just infe- 
rior to the ribs 

■ Lrnnbar regions, which are on a level with the lumbar 
regions of the spine 

■ iliae, or inguinal (IN-gwih-nal), regions, named for 
the upper erest of the hip bone and the groin region, 
respeetively 

A simpler but less preeise division into four quadrants is some- 
times used. These regions are the right upper quadrant, left 
upper quadrant, right lower quadrant, and left lower quadrant 

(Fig. 1-13). 


CHECKPOINTS 



1 -9 Name the two main body eavities. 


1-10 Name the three eentral regions and the three left and 
right lateral regions of the abdomen. 


For your referenee, Figures 1-14 and 1-15 give anatomie 
adjeetives for some other body regions along with their eom- 
mon names. 


See the Student Resources on hePoinf for photo- 
graphie versions of Figures 1-12 and 1-13 and a ehart 
of the organs in eaeh quadrant. You ean also find 
information on the metrie system, which is used for 
all seientifie measurements. 


The Language of Health Care 

In Mike’s ease, we saw that health professionals share a spe- 
eialized language: medieal terminology. This speeial vocabu- 
lary is based on word parts with eonsistent meanings that are 
eombined to form different words. Eaeh ehapter in this book 
has a seetion near the end entitled “Word Anatomy.” Here, 
you will find definitions of word parts eommonly used in med- 
ieal terms with examples of their usage. 

The main part of a word is the root. Some compound 
words, such as wheelchair, gastrointestinal, and lymphoeyte, 
use more than one root. A prefix is a short part that starts a 
word and modifies the root. A suffix follows the root and also 
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Figiire 1-15 


Adjeetives for some posterior body regions. The 


names of the regions are in parentheses. 


modifies it. In the Word Anatomy eharts, word parts are listed 
alphabetieally under ehapter topies. Prefixes are followed by a 
dash, and suffixes are preeeded by a dash. A root has no dash 
but often has a eombining vowel added to make prommeiation 
easier when it is eombined with another root or a suffix. These 
vowels are separated from the root with a slash, as in physi/o. 

By using the Word Anatomy eharts, the Glossary, and 
the Glossary of Word Parts (the last two found at the baek of 
this text), you too ean learn to speak this language. 

This text focuses on normal anatomy and physiology. 
Those in healtheare fields will be adding many more terms 
relating to disease as they progress in their eareers. The study 
of disease is pathology\ based on the root path/o. Diseases 


fall into a number of different eategories, including infee- 
tions, which may be caused by baeteria, vimses, and firngi. 
Knowing the eharaeteristies of the disease-causing organism 
ean help praetitioners know how the disease will spread, 
potential disease outcomes, and useful treatments. 

The diagnosis of disease involves evaluation of aeeom- 
panying symptoms, which are eonditions experienced by the 
patient, and signs, which are indieators gathered by a health 
professional. So, fatigue is a symptom, but blood pressure is a 
sign. Many additional terms are related to treatment. 

Although we are eoneentrating on normal structure and 
function, the ease studies that open eaeh ehapter illustrate 
what happens when eonditions go wrong. These eases and 
many of the speeial interest boxes will introduce some of the 
additional terms used in today’s medieal praetiees. 

Mastering the language of health requires more than just 
learning vocabulary. As healtheare praetitioners or consum- 
ers, a basie understanding of seientifie proeesses ean help us 
make informed deeisions about issues such as vaeeination, 
water quality, environmental safety, healthy habits, and 
medieal treatment. It ean be difficult to know if the studies 
on which we base our deeisions were done in a meaning- 
ful way and if the conclusions are valid. The Step-by-Step 
boxes found throughout this book will discuss some of the 
elements of good seientifie inquiry and how to understand 
reported results. We will highlight such issues as graph inter- 
pretation (Chapter 3), the importanee of experimental design 
(Chapter 8), and the differenee between eorrelation and cau- 
sation (Chapter 9) as they relate to the ease studies that open 
eaeh ehapter. These boxes will also help you solve other types 
of problems and develop appropriate study skills, as you 
already saw in Box 1-1. 


ensEPOim 



1-4Two important terms in Mike's ease are hypotensive and 
taehyeardie. Name and define the prefìx and root for eaeh 
of these terms, referring to the Word Parts glossary on 
p.469 


See the box Health Information Teehnieians in the 
Student Resources on thePoint® for a deseription of 
a profession that requires knowledge of medieal 
terminology. 
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A & P in Aetion Revisited 


Mike’s Homeostatie Emergeney 


The dispateh radio eraekLed to Life in the ER. "This is 
Medie 12. We have Mike, 21 years oLd. InvoLved in a 
head-on eoLLision. Patient is on oxygen and an IV of 
normaL saLine running wide open. ETA is 15 minutes." 

When they arrived at the ER, Samantha and Ed 
wheeLed their unconscious patient into the trauma 
room. ImmediateLy, the emergeney team sprang into 
aetion. The trauma nurse measured Mike's vitaL signs 
whiLe a teehnieian drew bLood from a vein in Mike's 
antecubitaL region for testing in the Lab. The emer- 
geney physieian inserted an endotraeheaL tube into 
Mike's pharynx to keep his airway open and then eare- 
fuLLy examined his abdominopeLvie eavity. 


"BLood pressure is 80 over 40. Heart rate is 146. 
Respirations are shaLLow and rapid," said the nurse. 

"We need to raise his bLood pressure—Let's start a 
seeond IV of pLasma. His abdomen is as hard as a board. 
I think he may have a bLeed in there—we need an uLtra- 
sound," repLied the doetor. The sonographer wheeLed 
the uLtrasound maehine into position and pLaeed the 
transducer onto Mike's abdomen. ImmediateLy, she 
Loeated the cause of Mike's symptoms—bLood in the 
Left upper quadrant. 

"OK. We have a ruptured spLeen here," said the 
doetor. "CaLL surgery—they need to operate right now." 
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Summary 0verv1ew 


A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


anabolism 
anatomie position 
anatomy 
eatabolism 


eell 

extracellular fluid 
homeostasis 
intracellular fluid 


metabolism 
negative feedbaek 
organ 
pathology 


physiology 

system 

tissue 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Stndies ofthe F[uman Body 

dis- 

apart, away from 

To disseet is to cut apart. 

-logy 

study of 

Radiology is the study and use of radioaetive substances. 

physi/o 

nature, physieal 

Pkysiology is the study of how the body functions. 

-tomy 

cutting, ineision of 

Anatomy ean be revealed by cutting the body. 

Metabolism 

ana- 

upward, again, baek 

Anabolism is the building up of simple compounds into more complex 
substances. 

eata- 

down 

Gatabolism is the breakdown of complex substances into simpler ones. 

extra- 

outside of, beyond 

Extracellular fluid is outside the eells. 

home/o- 

same 

Homeostasis is the steady state (sameness) within an organism. 

intra- 

within 

Intracellular fluid is within a eell. 

stat, -stasis 

stand, stoppage, eonstaney 

In homeostasis , “-stasis” refers to eonstaney. 


Questions for Study and Revievv 

BLIILDING LINDERSTANDING 

Fill in the Blanks 

4. In the word physiology , -logy is an example of a word 

part ealled a(n)_. 

5. In the opening ease study, Mike’s intra-abdominal 

hemorrhage is in the_body eavity. 


1. Groups of different eells working together for the same 

general purpose form_. 

2. In loeation, the nose is_to the eyes. 

3. Normal body function maintains a state of internal 
balanee ealled 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6. System that uses eleetrieal signals to eontrol and a. nervous system 

eoordinate other systems. 

7. The system that brings needed substances to the body b. integumentary system 

tissues 


8 . The system that eonverts foods into a form that body 
eells ean use 

9. The outermost body system 

10. The system of glands that produce hormones 


C. cardiovascular system 

d. endoerine system 

e. digestive system 
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Mnltiple Choice 

_ 11. Which seienee studies normal body structure? 

a. homeostasis 

b. anatomy 
C. physiology 
d. biology 

_ 12. Where is intracellular fluid loeated? 

a. between body eells 

b. in blood plasma 
C. in lymph 

d. inside body eells 

_ 13. What is the main way of regulating homeostasis? 

a. anabolism 

b. biofeedbaek 
C. eatabolism 

d. negative feedbaek 

_ 14. Which eavity eontains the mediastinum? 

a. abdominal 

b. dorsal 
C. thoraeie 
d. pelvie 

UNDERSTANDING CONCEPTS 

18. What do you study in anatomy? In physiology? Would it 
be wise to study one without the other? 

19. List in sequence the levels of organization in the body 
from simplest to most complex. Give an example for eaeh 
level. 

20. Compare and eontrast the anatomy and physiology of the 
nervous system with that of the endoerine system. 

21. What is the differenee between eatabolism and 
anabolism? Give an example of eaeh type of aetivity. 

22. Name in order of aetion the eomponents of a negative 
feedbaek loop. 


15. In loeation, the ankle is_to the knee. 

a. distal 

b. inferior 
C. proximal 
d. superior 

16. A plane that divides the body into right and left 
portions is a 

a. frontal plane 

b. transverse plane 
C. sagittal plane 

d. horizontal plane 

17. The most inferior midline region of the abdomen is the 

a. superior region 

b. hypogastrie region 
C. umbilical region 
d. epigastrie region 


23. Use The Body Visible overlays at the beginning of this 
book to name the lateral bone of the lower leg. Name the 
proximal bone of the arm. 

24. List the subdivisions of the dorsal and ventral eavities. 
Name some organs found in eaeh subdivision. 

25. Referring to the Disseetion Atlas in Appendix 3: 

a. list the figure(s) in which an organ is cut into left and 
right parts. 

b. list the figure(s) in which an organ is cut into anterior 
and posterior parts. 


CONCEPTUAL THINKING 

26. The human body is organized from very simple levels to 
more complex levels. With this in mind, deseribe why a 
disease at the ehemieal level ean have an effeet on organ 
system function. 

27. Use a ear operating under cruise eontrol as an example of 
a negative feedbaek loop, identifying the set point and the 
eomponents of the system. 


28. In Mike’s ease, the paramedies diseovered bruising of the 
skin over Mike’s left lumbar region and umbilical region. 
Mike also reported eonsiderable pain in his upper left 
quadrant and had blood removed from the antecubital 
region. Loeate these regions on your own body. Why 
it is important for health professionals to use medieal 
terminology when deseribing the human body? 


For more questions, see the Learning Aetivities 

on thePoinf. 












Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Define a ehemieaL eLement. p. 22 

2 ► Deseribe the structure of an atom. p. 23 

3 ► Differentiate between ionie and eovaLent 

bonds. p. 24 

4 ► Define an eLeetroLyte. p. 25 

5 ► Differentiate between moLecuLes and 

compounds. p. 25 

6 ► Define mixture ; List the three types of 

mixtures, and give two exampLes of 
eaeh. p. 27 

7 ► ExpLain why water is so important in 

metaboLism. p. 27 

8 ► Compare aeids, bases, and saLts. p. 28 

9 ► ExpLain how the numbers on the pH 

seaLe reLate to aeidity and aLkaLinity. 

p. 28 

10 ► ExpLain why buffers are important in the 

body. p. 28 

11 ► Defi ne radioaetivity, and eite severaL 

exampLes of how radioaetive substances 
are used in medieine. p. 29 

12 ► Name the three main types of organie 

compounds and the bm'Lding bLoeks of 
eaeh. p. 30 

13 ► Defi ne enzyme; deseribe how enzymes 

work. p. 33 

14 ► List the eomponents of nucLeotides, 

and give some exampLes of nucLeotides. 

p. 33 

15 ► Llse the ease study to discuss the 

importanee of reguLating body fLuid 
quantity and eomposition. pp. 21, 34 

16 ► Show how word parts are used to buiLd 

words reLated to ehemistry, matter, and 
Life. p. 36 





A & P ìn Aetion Margaret’s Case: Ohemistry’s Role in Health Seienee 


yy Ugh/' sighed Angela as she puLLed into 
her hospitaL parking spot. The heat 
wave was into its seeond week, and 
she was getting tired of it. It was 
beginning to take its toLl on the 
eity too, espeeiaLLy on its infants 
and oLder residents. As AngeLa 
waLked toward the hospitaL, she 
thoiight baek to yesterday's ICU 
shift. One eLderLy patient stood 
oiit in her mind, probabLy beeaiise 
she reminded AngeLa of her own grandmother. 

The patient, Margaret RingLand, a 78-year-oLd widow, 
Lived aLone in her apartment on New York's Upper East Side. 
Yesterday, her nieee found Margaret eoLLapsed on the fLoor, 
weak and confused. She eaLLed 911, and Margaret was rushed 
to the emergeney room. Aeeording to her medieaL ehart, 
Margaret presented with fLushed dry skin, a stieky oraL eav- 
ity, and a furrowed tongue. She was confused and disori- 
ented. She aLso had hypotension (Low bLood pressure) and 
taehyeardia (an eLevated heart rate). ALL were dassie signs 
of dehydration, a severe defieieney of water. Without ade- 
quate water, Margaret's body was unabLe to perform essentiaL 
metaboLie proeesses, and her tissues and organs were not in 
homeostatie baLanee. 


Her neuroLogic symptoms were caused by ehanges in 
water voLume. ALthough it was difficuLt to get a bLood sampLe 
from Margaret's fLattened veins, her bLood work eonfirmed 
the initiaL diagnosis. Margaret's eLeetroLyte LeveLs were out of 
baLanee; speeifieaLLy, she had a high bLood sodium ion eon- 
eentration, a eondition eaLLed hypernatremia, and her bLood 
pH was 7.28. Her hematoerit was aLso high, indieating Low 
bLood voLume. This deerease was seriousLy affeeting her ear- 
diovascuLar system. Margaret's bLood pressure had dropped, 
which foreed her heart to beat faster to ensure proper deLiv- 
ery of bLood to her tissues. 

The emergeney team started an IV Line in Margaret's 
antebrachium. An aqueous soLution of 5% dextrose (a sugar) 
was deLivered through the IV at a rate of 500 ml_/hour. A 
eatheter was inserted into Margaret's urethra to aLLow for 
urinary drainage. Onee stabiLized, Margaret was moved to 
ICU for reeovery. 

AngeLa depends on her knowLedge of ehemistry to 
make sense of the signs and symptoms she observes in her 
patients. As you read this ehapter, keep in mind that a firm 
understanding of the ehemistry presented in this ehapter 
wiLL heLp you understand the anatomy and physioLogy of the 
eeLLs, tissues, and organ systems discussed in subsequent 
ehapters. 



As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlanee 

Visit hePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Animation: Enzymes 

► Health Professions: Pharmaeist and Pharmaey 
Teehnieian 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 


Chapter 2 ehemistry, Matter, and Life 21 



Unit 1 The Body as a Whole 



A LOOK BACK 


In Cbapter 1, ive learned that ebemieals are the fnndamental 
eomponents of living organisms. In tbis ebapter ; we explore 
ebemieals—some oftbeir properties and bow tbey reaet. 


G reater imderstanding of living organisms has eome to us 

through ehemistry, the seienee that deals with the eom- 
position and properties of matter. Knowledge of ehemistry 
and ehemieal ehanges helps us understand the body’s nor- 
mal and abnormal functioning. Food digestion in the intesti- 
nal traet, urine production by the kidneys, the regulation of 
breathing, and all other body aetivities involve the prineiples 
of ehemistry. The many drugs used to treat diseases are also 
ehemieals. Chemistry is used for their development and for 
understanding their aetions in the body. 

To provide some insights into the importanee of ehemis- 
try in the life seienees, this ehapter briefly deseribes elements, 
atoms, molecules, compounds, and mixtures, which are fun- 
damental forms of matter. We also deseribe the ehemieals 
that eharaeterize organisms—organie ehemieals. 


Elements 

Matter is anything that takes up spaee, that is, the materi- 
als from which the entire universe is made. Elements are the 
unique substances that make up all matter. The food we eat, 
the atmosphere, and water—everything around us and every- 
thing we ean see and touch—are made from just 92 natu- 
rally occurring elements. (Twenty additional elements have 
been ereated in the laboratory.) Examples of elements include 
various gases, such as hydrogen, oxygen, and nitrogen; liq- 
uids, such as mercury used in barometers and other seientifie 
instruments; and many solids, such as iron, aluminum, gold, 
silver, and zine. Graphite (the so-ealled lead in a peneil), eoal, 
ehareoal, and diamonds are different forms of the element 
earbon. 




>—Oxygen 65% 


"N 


>—Oarbon 18.5% 



Hydrogen 9.5% 


—Nitrogen 3% 
j^Other 4% 


Figiire 2-1 


The body's ehemieal eomposition by weight 

KEY POINT Oxygen,carbon,hydrogen,and nitrogen make 

up about 96% of body vveight. 



Elements ean be identified by their names or their ehemi- 
eal symbols, which are abbreviations of their modern or 
Latin names. Eaeh element is also identified by its own num- 
ber, which is based on its atomie structure, discussed shortly. 
The periodie table is a ehart used by ehemists to organize and 
deseribe the elements. Appendix 1 shows the periodie table 
and gives some information about how it is used. 

Of the 92 elements that exist in nature, only 26 have 
been found in living organisms. Hydrogen, oxygen, earbon, 
and nitrogen make up about 96% of body weight ( Fig. 2-1). 
Nine additional elements—calcium, sodium, potassium, 
phosphoms, sulfur, ehlorine, magnesium, iron, and iodine— 
make up most of the remaining 4% of the body’s elements. 
The remaining 13, including zine, selenmm, eopper, eobalt, 
chromium, and others, are present in extremely small (traee) 
amounts totaling about 0.1% of body weight. fable 2-1 lists 
some of these elements along with their functions. 





Some Common Elements 


Name 

Oxygen 

Oarbon 

Hydrogen 

Nitrogen 

Calcium 

Phosphoms 

Potassium 

Sulfur 

Sodium 

Iron 


Symbol 

o 

e 

H 

N 

Ca 

P 

K 

S 

Na 

Fe 


Fiinetion 

Part of water; needed to metabolize nutrients for energy 

Basis of all organie compounds; eomponent of earbon dioxide, the gaseous byproduct of metabolism 
Part of water; partieipates in energy metabolism; determines the aeidity of body fluids 
Present in all proteins, ATP (the energy-storing compound), and nucleic aeids (DNA and RNA) 
Builds bones and teeth; needed for muscle eontraetion, nerve impulse conduction, and blood elotting 
Aetive ingredient in ATP; builds bones and teeth; eomponent of eell membranes and nucleic aeids 
Aetive in nerve impulse conduction; muscle eontraetion 
Part of many proteins 

Aetive in water balanee, nerve impulse conduction, and muscle eontraetion 
Part of hemoglobin, the compound that earries oxygen in red blood eells 


The elements are listed in deereasing order by weight in the body. 
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ATOMK STRUCTURE 

The smallest units of elements are atoms. As such, atoms are 
the smallest eomplete units of matter. They eannot be broken 
down or ehanged into another form by ordinary ehemieal and 
physieal means. Atoms are so small that millions of them could 
fit on the sharpened end of a peneil. 

Despite the faet that the atom is so tiny, ehemists have 
studied it extensively and have found that it has a definite 
structure eomposed of even smaller, or subatomic, partieles. 
These partieles differ as to their eleetrie eharge. Two types of 
eleetrie eharges exist in nature: positive (+) and negative (-). 
Partieles with the same type of eharge repel eaeh other, but 
partieles with different eharges attraet eaeh other. So, a nega- 
tively eharged partiele would be repelled by another nega- 
tively eharged partiele but attraeted by a positively eharged 
partiele. At the eenter of eaeh atom is a nucleus eomposed of 
positively eharged partieles ealled protons (PRO-tonz) and 
noneharged partieles ealled neutrons (NU-tronz) ( : ig. 2-2). 
Together, the protons and neutrons contribute nearly all of 
the atom’s weight. 

In orbit around the nucleus are eleetrons (e-LEK-tronz). 
These nearly weightless partieles are negatively eharged. It is 
the eleetrons that determine how (or if) the atom will reaet 
ehemieally. The protons and eleetrons of an atom are equal 
in number so that the atom as a whole is eleetrieally neutral 
(see Fig. 2-2). However, as we will see later, most atoms gain 
or lose eleetrons by interaeting with other atoms and thus 
beeome eleetrieally eharged. 

The atomie nrnnber of an element is equal to the number 
of protons that are present in the nucleus of its atoms. Because 
the number of protons is equal to the number of eleetrons, 
the atomie number also represents the number of eleetrons 
orbiting the nucleus. As you ean see in -igure 2-2, oxygen 



Central nucleus 
Eight protons (red) 
Eight neutrons (green) 


Seeond 

energy 

level 


Eleetron 


Figure 2-2 


Representation of the oxygen atom. KEY 


POINT Eight protons and eight neutrons are tightly bound in the 
eentral nucleus.The eight eleetrons are in orbit around the nucleus, 



ZOOMING 


two in the fìrst energy level,and six in the seeond. 

IN How does the number of protons in this atom eompare with the 
number of eleetrons? 


has an atomie number of 8. No two elements share the same 
atomie number. Oxygen is the only element with the atomie 
number of 8. As another example, a earbon atom has six 
protons in the nucleus and six eleetrons orbiting the nucleus, 
so the atomie number of earbon is 6. In the Periodie Table of 
the Elements (see Appendix 1), the atomie number is loeated 
at the top of the box for eaeh element. The atomie weight 
(mass), the sum of the protons and neutrons, is the number 
at the bottom of eaeh box. It takes about 1,850 eleetrons to 
equal the weight of a single neutron or proton, so eleetrons 
are not counted in the determination of atomie weight. 

The positively eharged protons keep the negatively 
eharged eleetrons in orbit around the nucleus by means of the 
opposite eharges on the partieles. Positively eharged protons 
attraet negatively eharged eleetrons. 

Energy Levels An atom’s eleetrons orbit at speeifie dis- 
tanees from the nucleus in regions ealled energy levels. The 
first energy level, the one elosest to the nucleus, ean hold 
only two eleetrons. The seeond energy level, the next in dis- 
tanee away from the nucleus, ean hold eight eleetrons. More 
distant energy levels ean hold more than eight eleetrons, but 
they are stable (nonreaetive) when they have eight. 

The eleetrons in the energy level farthest away from the 
nucleus determine how the atom will reaet ehemieally. Atoms 
ean donate, aeeept, or share eleetrons with other atoms to 
make the outermost level eomplete. In so doing, they form 
ehemieal bonds, as deseribed shortly. 

If the outermost energy level has more than four elee- 
trons but less than its eapaeity of eight, the atom typieally 
eompletes this level by sharing or gaining eleetrons from one 
or more other atoms. The oxygen atom in Figure 2-3, illus- 
trated with only the protons in the nucleus and the eleetrons 
in fixed position in their energy levels, has six eleetrons in its 
seeond, or outermost, level. When oxygen enters into ehemi- 
eal reaetions, it must gain or share two eleetrons to aehieve a 
eomplete outermost level. 

In eontrast, if an atom’s outermost energy level has fewer 
than four eleetrons, the atom typieally loses those eleetrons to 
empty the level. Magnesium (see Fig. 2-3B) has two eleetrons 
in the outermost energy level. In ehemieal reaetions, it gives up 
those eleetrons, leaving the seeond level, eomplete with eight 
eleetrons, as the outermost level. Hydrogen (see Fig. 2-3C), 
having just one eleetron, ean lose or share that one eleetron. 

Carbon, which has four eleetrons in its outermost 
energy level, usually shares its eleetrons with multiple atoms 
in order to eomplete its outer energy level (see Fig. 2-3D). 
Atoms with a stable number of eleetrons in the outermost 
energy level are not reaetive. Examples are the inert or 
“noble” gases, including helium, neon, and argon. 

CHECKPOINTS ^ 

2-1 What are atoms? 

2-2 What are three types of partieles found in atoms? 

2-3 Which of these atoms would be more likely to partieipate 
in a ehemieal reaetion—an atom with eight eleetrons in 
its outermost energy level or an atom with six eleetrons 
in its outermost energy level? 
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Figure 2-3 


Examples of atoms. 



KEY POINTThefirst 


energy level ean hold two electrons,and the seeond and third 
ean hold eight.The outermost energy level determines ehemieal 
reaetivity. ZOOMING IN How many eleetrons does oxygen 
need to eomplete its outermost energy level? How does magnesium 
aehieve a stable outermost energy level? 


Chemical Bonds 

When an atom interaets with other atoms to stabilize its out- 
ermost energy level, a bond is formed between the atoms. In 
these ehemieal reaetions, eleetrons may be transferred from 
one atom to another or may be shared between atoms. The 
number of bonds an atom needs to form in order to stabilize its 
outermost energy level is ealled its valenee (from a Latin word 
that means “strength”). An atom needs to form one bond for 
every eleetron it donates, aeeepts, or shares, so valenee ean also 
be defined as the number of eleetrons lost, gained, or shared by 
atoms of an element in ehemieal reaetions. Referring baek to 
our examples in the previous seetion, oxygen has six eleetrons 
in the outer energy level and must form two bonds to reaeh a 
stable outer energy level of eight. Therefore, oxygen’s valenee 
is two. Magnesium’s valenee is also two, because it must trans- 
fer two eleetrons to aehieve a stable outermost energy level. 

I0NIC BONDS 

When eleetrons are transferred from one atom to another, 
the type of bond formed is ealled an ionie (i-ON-ik) bond. 
The sodium atom, for example, tends to lose the single 
eleetron in its outermost shell leaving the now outermost 


shell with a stable number of eleetrons (eight) (Fig. 2-4). 
Removal of a single eleetron from the sodium atom leaves 
one more proton than eleetrons, and the sodium then has a 
single net positive eharge. The sodium in this form is sym- 
bolized as Na + . Calcium loses two eleetrons when it par- 
tieipates in ionie bonds, so the calcium ion has two positive 
eharges and is abbreviated Ca 2+ . 
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Figure 2-4 


lonie bonding. A. A sodium atom has 11 protons 


and 11 eleetrons. A ehlorine atom has 17 protons and 17 eleetrons. 

B. A sodium atom gives up one eleetron to a ehlorine atom in 
forming an ionie bond.The sodium atom now has 11 protons and 10 
eleetrons, resulting in a positive eharge of one.The ehlorine beeomes 
negatively eharged by one, with 17 protons and 18 eleetrons. C. The 
ionie bond between the sodium ion (Na + ) and the ehloride ion (Ck) 
forms the compound sodium ehloride (table salt ). f m ZOOMING 
IN How many eleetrons are in the outermost energy level of a 
sodium atom? Of a sodium ion? 
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Alternately, atoms ean gain eleetrons so that there are 
more eleetrons than protons. Chlorine, which has seven 
eleetrons in its outermost energy level, tends to gain one 
eleetron to fill the level to its eapaeity. The resultant ehlo- 
rine is negatively eharged (Cl“) (see Fig. 2-4). (Chemists 
refer to this eharged form of ehlorine as ebloride.) An atom 
or group of atoms that has acquired a positive or negative 
eharge is ealled an ion (I-on). Any ion that is positively 
eharged is a eation (CAT-i-on). Any negatively eharged ion 
is an anion (AN-i-on). 

Imagine a sodium atom eoming in eontaet with a ehlo- 
rine atom. The sodium atom gives up its outermost eleetron 
to the ehlorine and beeomes positively eharged; the ehlorine 
atom gains the eleetron and beeomes negatively eharged. The 
two newly formed ions (Na + and Cl“), because of their oppo- 
site eharges, attraet eaeh other to produce sodium ehloride, 
ordinary table salt (see Fig. 2-4). The attraetion between the 
oppositely eharged ions forms an ionie bond. Sodium ehlo- 
ride and other ionieally bonded substances tend to form erys- 
tals when solid and to dissolve easily in water. 

Eleetrolytes When ionieally bonded substances dis- 
solve in water, the atoms separate as ions. Compounds that 
release ions when they dissolve in water are ealled eleetro- 
lytes (e-LEK-tro-lites). Note that in praetiee, the term elee- 
trolytes is also used to refer to the ions themselves in body 
fluids. Eleetrolytes include a variety of salts, such as sodium 
ehloride and potassium ehloride. They also include aeids 
and bases, which are responsible for the aeidity or alkalin- 
ity of body fluids, as deseribed shortly. In all eases, a 
salt eonsists ofa positively ebarged eation and a negatively 
ebarged anion joined by an ionie bond .* Eleetrolytes must 
be present in the proper eoneentrations in the intraeelhilar 
and extracellular fluids, or damaging effeets will result, as 
seen in Margaret’s ease study, which opens this ehapter. 

lons ín the E3od Body fluids eontain many different 
ions. Indeed, many of the elements listed in "able 2-1 are 
only aetive in their ionie forms. Sodium (Na + ) and potas- 
sium (K + ) ions, for instanee, play eritieal roles in the 
transmission of eleetrie signals by virtue of their positive 
eharges. The eoneentration of many different ions in body 
fhiids must be kept within narrow limits in order to main- 
tain homeostasis. 

Because ions are eharged partieles, eleetrolytie solutions 
ean conduct an eleetrie current. Reeords of eleetrie currents 
in tissues are valuable indieations of the functioning or mal- 
functioning of tissues and organs. The eleetroeardiogram 
(e-lek-tro-KAR-de-o-gram) and the eleetroeneephalogram 
(e-lek-tro-en-SEF-ah-lo-gram) are graphie traeings of the 
eleetrie currents generated by the heart muscle and the brain, 
respeetively (see Chapters 10 and 14). 


C0VALENT BONDS 

Although ionie bonds form some ehemieals, many more are 
formed by another type of ehemieal bond. This bond involves 
not the exchange of eleetrons but a sharing of eleetrons between 
the atoms and is ealled a eovalent bond. This name eomes 
from the prefix eo-, meaning “together,” and valenee , refer- 
ring to the eleetrons involved in ehemieal reaetions between 
atoms. In a eovalently bonded substance, the shared eleetrons 
orbit around both of the atoms, making both of them stable. 
Covalent bonds may involve the sharing of one, two, or three 
pairs of eleetrons between atoms. 

In some eovalent bonds, the eleetrons are equally 
shared, as in the eombination of two identieal atoms of 
hydrogen, oxygen, or nitrogen ("ig. 2-5). Eleetrons may 
also be shared equally in some bonds involving differ- 
ent atoms—methane (CH 4 ), for example. If eleetrons are 
equally shared in forming a bond, the eleetrie eharges 
are evenly distributed around the atoms and the bond is 
deseribed as a nonpolar eovalent bond. That is, no part of 
the eombined partiele is more negative or positive than any 
other part. More eommonly, the eleetrons are held eloser 
to one atom than the other, as in the ease of water (H,0), 
shown in -igure 2-6. In water, the shared eleetrons are 
actually eloser to the oxygen atom than the hydrogen atoms 
at any one time, making the oxygen region more negative. 
Such bonds are ealled polar eovalent bonds , because one 
region of the eombination is more negative and one part 
is more positive at any one time. Remember tbat elee- 
trons are transferred in ionie bonds but sbared (equally or 
unequally) in eovalent bonds. 

MOLEOJLES AND C0MP0UNDS 

When two or more atoms unite eovalently, they form a 
molecule (MOL-eh-kule). A molecule is thus the smallest 
unit of a eovalently bonded substance that retains all the 
properties of that substance. A molecule ean be made of 
like atoms—the oxygen molecule is made of two identieal 
atoms, for example—but more often a molecule is made 
of atoms of two or more different elements. For example, 
a water molecule (H,0) eontains one atom of oxygen (O) 
and two atoms of hydrogen (H) (see Fig. 2-6). Any par- 
tiele resulting from a polar eovalent bond is known as a 



9 :: 'The Miseoneeption Alerts featured in every ehapter of this book are 
derived from eommon errors students make in responding to questions in 
PrepU, an online supplemental review program available separately for this 
text. For information on aeeessing prepU, see pp. xviii-xix of the User’s 
Guide at the front of this text. 


Figure 2-5 


A nonpolar eovalent bond. KEY POINT 


The eleetrons involved in the bonding of two hydrogen atoms are 
equally shared between the two atoms.The eleetrons orbit evenly 


around the two. ZOOMING IN How many eleetrons are needed 
to eomplete the energy level of eaeh hydrogen atom? 
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Figure 2-6 


Formation of water. 



+ Any substance eomposed of two or more 

different elements is ealled a compound. This 
definition includes both ionieally and eovalently 
bonded substances. The forrmila for a compound 
shows all the elements that make up that eom- 
pound in their proper ratio, such as NaCl, H,0, 
and CO v Some compounds are made of a few 
elements in a simple eombination. For example, 
molecules of the gas earbon monoxide (CO) eon- 
tain one atom of earbon (C) and one atom of 

jp 

\ / 

+ oxygen (O). Other compounds have very large 
and complex molecules. Such complexity ehar- 
KEY POINT Polar eovalent bonds aeterizes many of the compounds found in living 



form water.The unequal sharing of eleetrons makes the region near the 
oxygen nucleus more negative and the region near the hydrogen nucleus 
more positive. ZOOMING IN How many hydrogen atoms bond with an 
oxygen atom to form water? 


polar molecule. Some polar molecules ean gain or lose elee- 
trons and thus beeome ions. Biearbonate ions (HC0 3 “), for 
instanee, partieipate in the regulation of body fluid aeidity. 
Polar molecules, whether they are eharged or uncharged, 
ean interaet using weak bonds ealled hydrogen bonds, as 
discussed in Box 2-1. 

Note that ehemists do not eonsider ionieally bonded 
substances to be eomposed of molecules, as their atoms are 
held together by eleetrieal attraetion only. The bonds that 
hold these atoms together are weak, and the eomponents 
separate easily in solution into ions, as already deseribed. 
Thus, unlike ionie bonds and hydrogen bonds, only eovalent 
bonds form molecules. In eontrast, ionie bonds, but not 
eovalent bonds, form salts. 


organisms. Some protein molecules, for example, 
have thousands of atoms. 

It is interesting to observe how different a eom- 
pound is from any of its constituents. For example, 
a molecule of liquid water is formed from oxygen 
and hydrogen, both of which are gases. Another 
example is the sugar glucose (C 6 H 17 0 6 ). Its constituents 
include 12 atoms of the gas hydrogen, six atoms of the gas 
oxygen, and six atoms of the solid element earbon. The eom- 
ponent gases and the solid earbon do not in any way resemble 
the glucose. 


CHECKPOINTS 


2-4 Which type of ehemieal bond is formed by an exchange 
of eleetrons? Which type is formed by a sharing of 
eleetrons? 

2-5 What happens when an eleetrolyte goes into solution? 
2-6 What are molecules,and what are compounds? 



A CLOSER LOOK 


Hydrogen Bonds: Strength in Niimbers 


Box 2-1 


ln eontrast to ionie and eovalent bonds, 
which hold atoms together,hydrogen bonds 


speeifìe shape, as in the proeess that ereates the preeise three- 


hold molecules together. Hydrogen bonds are 
much weaker than ionie or eovalent bonds—in faet, 
they are more like "attraetions" between molecules. While ionie 
and eovalent bonds rely on eleetron transfer or sharing, hydrogen 
bonds form bridges between two molecules. A hydrogen bond 
forms when a slightly positive hydrogen atom in one molecule 
is attraeted to a slightly negative atom in another molecule. Even 
though a single hydrogen bond is weak, many hydrogen bonds 
between two molecules ean be strong. 

Hydrogen bonds hold water molecules together, with the 
slightly positive hydrogen atom in one molecule attraeted to 
a slightly negative oxygen atom in another. Many of water's 
unique properties eome from its ability to form hydrogen 
bonds. For example, hydrogen bonds keep water liquid over 
a wide range of temperatures, which provides a eonstant envi- 
ronment for body eells. 

Hydrogen bonds form not only between molecules 
but also within large molecules. Hydrogen bonds between 
regions of the same molecule cause it to fold and eoil into a 


dimensional structure of proteins. Because a protein's struc- 
ture determines its function in the body, hydrogen bonds are 
essential to protein aetivity. 



Hydrogen bonds.The bonds shown here are holding water molecules 
together. 
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Mixtures 

Not all elements or compounds reaet ehemieally when 
brought together. The air we breathe every day is a eombi- 
nation of gases, largely nitrogen, oxygen, and earbon diox- 
ide, along with smaller pereentages of other substances. 
The constituents in the air maintain their identity, although 
the proportions of eaeh may vary. Blood plasma—the fluid 
portion of blood—is also a eombination in which the vari- 
ous eomponents maintain their identity. The many valuable 
compounds in the plasma remain separate entities with their 
own properties. Such eombinations are ealled mixtures— 
blends of two or more substances ( Table 2 - 1 ). 

SOLIJTIONS AND SUSPENSIONS 

A mixture formed when one substance dissolves in another 
is ealled a solution. One example is salt water. In a solution, 
the eomponent substances eannot be distinguished from eaeh 
other and remain evenly distributed throughout; that is, the 
mixture is homogeneous (ho-mo-JE-ne-us). The dissolving 
substance, which in the body is water, is the solvent. The sub- 
stanee dissolved, table salt in the ease of salt water, is the sol- 
ute. An aqueous (A-kwe-us) solution is one in which water 
is the solvent. Aqueous solutions of glucose, salts, or both of 
these together are used for intravenous fluid treatments. 

In some mixtures, the substance distributed in the baek- 
ground material is not dissolved and will settle out unless the 
mixture is eonstantly shaken. This type of nommiform, or het- 
erogeneous (het-er-o-JE-ne-us), mixture is ealled a suspension. 
The partieles in a suspension are separate from the material in 
which they are dispersed, and they settle out because they are 
large and heavy. Examples of suspensions are milk of magne- 
sia, finger paints, and in the body, red blood eells suspended in 
blood plasma. 

One other type of mixture is important in body func- 
tion. Some organie compounds form eolloids, in which the 
molecules do not dissolve yet remain evenly distributed in the 
suspending material. The partieles have eleetrie eharges that 
repel eaeh other, and the molecules are small enough to stay in 
suspension. The fluid that fills the eells (eytosol) is a eolloid, as 
is blood plasma. 

Many mixtures are complex, with properties of solu- 
tions, suspensions, and eolloids. For instanee, blood plasma 
has dissolved compounds, making it a solution. The red blood 
eells and other formed elements give blood the property of a 


suspension. The proteins in the plasma give it the property of 
a eolloid. Chocolate milk also has all three properties. 

C7\SEP0INTS Íc5 

2-1 What type of solution did the emergeney team administer 
intravenously to Margaret in the opening ease study? 

2-2 Name the solvent and the solute in this solution. 

2-3 Loeate the antebrachium region used for the IV. 


THE IMPORTANCE OF WATER 

Water is the most abundant compound in the body. No plant 
or animal ean live very long without it. Water is of eritieal 
importanee in all physiologieal proeesses in body tissues. A 
defieieney of water, or dehydration (de-hi-DRA-shun), ean be 
a serious threat to health, as illustrated by Margaret’s ease 
study. Water earries substances to and from the eells and makes 
possible the essential proeesses of absorption, exchange, seere- 
tion, and excretion. What are some of the properties of water 
that make it such an ideal medium for living eells ? 

■ Water ean dissolve many different substances in large 
amounts. For this reason, it is ealled the universal sol- 
vent. Many of the body’s neeessary materials, such as 
gases and nutrients, dissolve in water to be earried from 
plaee to plaee. Substances, such as salt, that mix with or 
dissolve in water are deseribed as bydropbilie ( u water- 
loving”); substances, such as fats, that do not dissolve in 
water are deseribed as bydropbobie (“water-fearing”). 

■ Water is stable as a liquid at ordinary temperatures. 
It does not freeze until the temperature drops to 0°C 
(32°F) and does not boil until the temperature reaehes 
100°C (212°F). This stability provides a eonsistent 
environment for living eells. Water ean also be used 
to distribute heat throughout the body and to eool the 
body by evaporation of sweat from the body surface. 

■ Water partieipates in the body’s ehemieal reaetions. It is 
needed direetly in the digestive proeess and in many of 
the metabolie reaetions that occur in the eells. 


CHECKPOINTS 



y 


2-7 What is the differenee between solutions and 
suspensions? 


2-8 What is the most abundant compound in the body? 





Mixtures 


Type 


Definition 




Example 


Solution 

Suspension 

Colloid 


Homogeneous mixture formed when one substance (solute) 
dissolves in another (solvent) 

Heterogeneous mixture in which one substance is dispersed 
in another but will settle out unless eonstantly mixed 

Heterogeneous mixture in which the suspended partieles 
remain evenly distributed based on the small size and 
opposing eharges of the partieles 


Table salt (NaCl) dissolved in water; table 
sugar (sucrose) dissolved in water 

Red blood eells in blood plasma; milk of 
magnesia 

Blood plasma; eytosol 
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Aeids, Bases, and Salts 

An aeid (AH-sid) is a ehemieal substance eapable of releas- 
ing a hydrogen ion (H + ) when dissolved in water. A eommon 
example is hydroehlorie aeid (HC1), the aeid found in stomaeh 
juices. HC1 releases hydrogen ions in solution as follows: 

HCI -> H + + Cl 

(hydroehlorie aeid) (hydrogen ion) (ehloride ion) 

A base is a ehemieal substance that ean aeeept (reaet with) 
a hydrogen ion. A base is also ealled an alkali (AL-kah-li), 
and bases are deseribed as alkaline. Most bases release 
a hydroxide ion (OH ) in solution, and the hydroxide ion 
subsequently aeeepts a hydrogen ion to form water. Sodium 
hydroxide is an example of a base: 

NaOH -> Na + + OH' 

(sodium hydroxide) ( sodium ion) (hydroxide ion) 

OH' ^ H + + H,0 

(hydroxide ion) (hydrogen lon) (vvater) 

A reaetion between an aeid and a base produces a salt 
and also water. In the reaetion, the hydrogen of the aeid is 
replaeed by the positive ion of the base. A eommon example 
of a salt is sodium ehloride (NaCl), or table salt, produced by 
the reaetion: 


HCI + NaOH —> NaCI + H 2 0 

THE pH SCALE 

The greater the eoneentration of hydrogen ions in a solution, 
the greater the aeidity of that solution. The greater the eon- 
eentration of hydroxide ion (OH~), the greater the alkalinity 
of the solution. The eoneentrations of H + and OH _ in a solu- 
tion are inversely related; as the eoneentration of hydrogen 
ions inereases, the eoneentration of hydroxide ions deereases. 
Conversely, as the eoneentration of hydroxide ions inereases, 
the eoneentration of hydrogen ions deereases. 

Aeidity and alkalinity are indieated by pH units, which 
represent the relative eoneentrations of hydrogen and hydrox- 
ide ions in a solution. The pH units are listed on a seale from 
0 to 14, with 0 being the most aeidie and 14 being the most 
basie ( *ig. 2-i ). A pH of 7.0 is neutral. At pH 7.0, the solution 
has an equal number of hydrogen and hydroxide ions. Pure 
water has a pH of 7.0. Solutions that measure less than 7.0 
are aeidie; those that measure above 7.0 are alkaline (basie). 

Because the pH seale is based on multiples of 10, eaeh 
pH unit on the seale represents a 10-fold ehange in the 
number of hydrogen and hydroxide ions present. A solu- 
tion registering 5.0 on the seale has 10 times the number 
of hydrogen ions as a solution that registers 6.0. The pH 
5.0 solution also has one-tenth the number of hydroxide 
ions as the solution of pH 6.0. A solution registering 9.0 
has one-tenth the number of hydrogen ions and 10 times 
the number of hydroxide ions as one registering 8.0. Thus, 
the lower the pH reading, the greater is the aeidity, and the 
higher the pH, the greater is the alkalinity. 

Blood and other body fluids are elose to neutral but 
are slightly on the alkaline side, with a pH range of 7.35 to 
7.45. Urine averages pH 6.0 but may range from 4.6 to 8.0 


inereasing aeidity 
H + > OH _ 





pH 

0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


inereasing basieity (alkalinity) 

OH“ > H+ 


Stomaeh seeretions (1.5) 
Lemon juice (2.0) 

Oolas (2.5) 

Apple juice (3.0) 

Tomato juice (4.2) 

Ooffee (5.0) 


Milk, saliva (6.5) 

Distilled water (7.0) 

Human blood (7.4) 

Sodium biearbonate (8.4) 

Bleaeh (9.5) 

Milk of magnesia (10.5) 
Household ammonia (11.5) 


Lye (13) 


Figiire 2-7 


The pH seale. Degree of aeidity or alkalinity is 


shown in pH units.This seale also shows the pH of some eommon 
substances. ZOOMING IN What happens to the amount of 
hydroxide ion (OH~) present in a solution when the amount of 
hydrogen ion (H + ) inereases? 


depending on body eonditions and diet. Figure 2-7 shows the 
pH of some other eommon substances. 

Because body fhiids are on the alkaline side of neutral, 
the body may be in a relatively aeidie state even if the pH 
does not drop below 7.0. For example, if a patient’s pH falls 
below 7.35 but is still greater than 7.0, the patient is deseribed 
as being in an aeidie state known as aeidosis. Thus, within 
this narrow range, physiologie aeidity differs from aeidity as 
defined by the pH seale. 

An inerease in pH to readings greater than 7.45 is termed 
alkalosis. Any shifts in pH to readings above or below the nor- 
mal range ean be dangerous, even fatal. See Box 2-2 on the 
next page for more information about interpreting pH values. 


C7\SEP0MT 



2-4 Margaret's blood pH was 7.28. Is she suffering from 
aeidosis or alkalosis? 


BIIFFERS 

In a healthy person, body fluids are delieately balaneed within 
narrow limits of aeidity and alkalinity. This balaneed ehemi- 
eal state is maintained in large part by buffers. Chemical buf- 
fers form a system that prevents sharp ehanges in hydrogen 
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ONE STEP 









f-\ 


TIME 



Rituals and the pH Seale 

If youVe ever golfed or skied, you may 
have experienced this phenomenon— 
you perform very well on the praetiee range or an easy slope, 
but then you revert to bad habits when you hit the golf course 
or a diffìcult ski run.The same thing ean happen in an exam, 
when the stress causes us to revert to our ingrained (domi- 
nant) habits. Athletes develop rituals to ensure that their prae- 
tiee earries over to eompetitive situations.You ean do the same 
to maximize your exam performanee. 

Students frequently make errors in questions about pH, 
even upper-year and medieal students. It may seem logieal 
that higher pH equates with more hydrogen ions, but the 
opposite is tme.To avoid making a silly mistake on your exam, 
develop a pH question routine. 


GNJESTION 

The ease study focuses on Margaret,an elderly lady with severe 

dehydration.Margaret's blood pH upon admission was 7.28. 

a. Are solutions with this pH eonsidered to be basie (alkaline) 
or aeidie? 

b. Does her blood eontain more hydrogen ions or more 
hydroxide (OH _ ) ions? 

e. The normal pH range for blood is 7.35 to 7.45. Does her 
blood eontain more or fewer hydrogen ions than normal? 


SOLLITION 

Step 1. Before attempting to solve the problem, it ean be 
handy to writeouta mnemonic.You ean use"H+AL"(hydrogen 


ion, aeidity, low pH). If you are more of a visual person, you 
might want to draw a pH line similar to Figiire 2-7 on the ques- 
tion or exam sheet, including ehanges in hydrogen/hydroxide 
ion eoneentrations and pH values.You also need to remember 
that 7 is neutral. 

Step 2. Find the pH value in the question—in this example, 
7.28. If you drew the number line, write this value on the 
line. Note that 7.28 is situated in the basie (alkaline) por- 
tion of the line, where hydroxide ions exceed hydrogen 
ions. 

If you used the mnemonie, your starting point is that this 
number is higher than 7—it is a high pH. So, based on the 
mnemonie, high pH is basie (not aeidie), and hydroxide (not 
hydrogen) ions are the most abundant. 

Step 3. Answer parts A and B. Based on the work in step 2, 
her blood is alkaline and eontains more hydroxide ions than 
hydrogen ions. 

Step 4. Part C tells us that her blood pH is lower than the nor- 
mal range. Go baek to the mnemonie —low pH is assoeiated 
with aeidity and hydrogen ions. So, her blood eontains more 
hydrogen ionsthan normal. 


VVhatever approaeh you take, use the same approaeh in 
praetiee problems and exams.Taking the time for your "pre- 
question ritual" will inerease your accuracy and help prevent 
errors. 


ion eoneentration and thus maintains a relatively eonstant 
pH. Buffers are important in maintaining stability in the pH 
of body fluids. More information about body fluids, pH, and 
buffers ean be found in Chapter 19. 

CHECKPOINTS ^ 

2-9 VVhat number is neutral on the pH seale? VVhat kind of 
compound measures lowerthan this number? Higher? 

2-10 VVhat is a buffer? 

Isotopes and Radioaetivity 

Elements may exist in several forms, eaeh of which is ealled 
an isotope (I-so-tope). These forms are alike in their numbers 
of protons and eleetrons but differ in their atomie weights 
because of differing numbers of neutrons in the nucleus. The 
most eommon form of oxygen, for example, has eight protons 
and eight neutrons in the nucleus, giving the atom an atomie 
weight of 16 atomie mass units (amu). But there are some iso- 
topes of oxygen with only six or seven neutrons in the nucleus 
and others with nine to 11 neutrons. The isotopes of oxygen 
thus range in atomie weight from 14 to 19 amu. 

Some isotopes are stable and maintain eonstant eharae- 
teristies. Others fall apart and radiate (give off) subatomic 
partieles and/or eleetromagnetie (energy) waves ealled gamma 


rays. (Other types of eleetromagnetie waves are visual light, 
ultraviolet light, and x-rays.) Isotopes that fall apart easily are 
said to be radioaetive. Radioaetive elements, also ealled radio- 
isotopes , may occur naturally, as is the ease with isotopes of 
the very heavy elements radium and uranium. Others may be 
produced artifieially by plaeing the atoms of lighter, nonradio- 
aetive elements in aeeelerators that smash their nuclei together. 

The radiation given off by some radioisotopes is used in 
the treatment of eaneer because it ean penetrate and destroy 
tumor eells. A growing tumor eontains immature, dividing 
eaneer eells, which are more sensitive to the effeets of radia- 
tion than are mature body eells. The greater sensitivity of these 
younger eells allows radiation therapy to seleetively destroy 
them with minimal damage to normal tissues. Modern radia- 
tion instruments produce tremendous amounts of energy (in 
the multimillion eleetron-volt range) that ean destroy deep- 
seated eaneers without causing serious skin reaetions. 

In radiation treatment, a radioisotope, such as eobalt 60, 
is sealed in a stainless steel eylinder and mounted on an arm 
or erane. Beams of radioaetivity are then direeted through a 
porthole to the area to be treated. Implants eontaining radio- 
isotopes in the form of needles, seeds, or tubes also are widely 
used in the treatment of different types of eaneer. 

In addition to its therapeutic values, radiation is exten- 
sively used in diagnosis. Radioaetive elements that ean 
be administered and then deteeted internally to identify 
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HOT TOPIOS 

Radioaetive Traeers: Medieine Goes Nuclear 


Box 2-3 


Like radiography, computed tomogra- 
phy (CT), and magnetie resonanee imaging, 
nuclear medidne imaging (NMI) offers a non- 
invasive way to look inside the body. An excellent 
diagnostie tool, NMI not only shows structural details but also 
provides information about body function. NMI ean help diag- 
nose eaneer, stroke, and heart disease earlier than do techniques 
that provide only structural information. 

NMI uses radiotraeers, radioaetive substances that spe- 
eifie organs absorb. For example, radioaetive iodine is used to 
image the thyroid gland,which absorbs more iodinethan does 
any other organ. After a patient ingests, inhales, or is injeeted 
with a radiotracer,a deviee ealled a gamma eamera deteets the 
radiotraeer in the organ under study and produces a picture, 
which is used in making a diagnosis. Radiotraeers are broken 
down and eliminated through urine or feees, so they leave the 


body quickly.A patient's exposure to radiation in NMI is usually 
eonsiderably lower than with x-ray or CT sean. 

Three NMI techniques are positron emission tomog- 
raphy (PET), bone seanning, and the myoeardial perfusion 
imaging (MPI) stress test. PET is often used to evaluate brain 
aetivity by measuring the brain's use of radioaetive glucose. 
PET seans ean reveal brain tumors because tumor eells are 
often more metabolieally aetive than are normal eells and thus 
absorb more radiotraeer. Bone seanning deteets radiation from 
a radiotraeer absorbed by bone tissue with an abnormally high 
metabolie rate, such as a bone tumor.The MPI test is used to 
diagnose heart disease. A nuclear medieine teehnologist 
injeets the patient with a radionuclide (e.g., thallium, teehne- 
tium), and a gamma eamera images the heart during exercise 
and later rest. VVhen eompared, the two sets of images help 
evaluate blood flow to the working,or"stressed,"heart. 


abnormalities are ealled traeers. Radioaetive iodine, for 
instanee, ean diagnose problems of the thyroid gland (see 
Box 2-3). X-rays are eleetromagnetie waves produced using 
high voltage instead of radioisotopes. X-rays penetrate tissues 
and produce an image of internal structures on a photographie 
plate. 

When using radiation in diagnosis or therapy, healtheare 
personnel must follow striet precautions to proteet them- 
selves and the patient, because the rays ean destroy healthy 
as well as diseased tissues. 

CHECKPOINT 

2-11 VVhat word is used to deseribe isotopes that give off 

radiation? 

Organie Compounds 

The complex molecules that eharaeterize living things are 
ealled organie compounds. All of these are built on the element 
earbon. Because earbon atoms ean form eovalent bonds with 
a variety of different elements and ean even eovalently bond to 
other earbon atoms to form long ehains, most organie eom- 
pounds eonsist of large, complex molecules. The stareh found 
in potatoes, the fat and protein in tissues, hormones, and many 
drugs are examples of organie compounds. These large mol- 
ecules are often formed from simpler molecules ealled build- 
ing bloeks , or monomers (mono - means “one”), which bond 
together in long ehains. 

The main types of organie compounds are earbohy- 
drates, lipids, and proteins. All of these organie compounds 
eontain earbon, hydrogen, and oxygen as their main ingre- 
dients. Carbohydrates, lipids, and proteins (in addition to 
minerals, vitamins, and water) must be taken in as part 
of a normal diet. These nutrients are discussed further in 
Chapters 17 and 18. 



CARBOHYDRATES 

The building bloeks of earbohydrates (kar-bo-HI-drates) 
are simple sugars, or monosaeeharides (mon-o-SAK-ah- 
rides) ( ’ig. 2-8). (The word root saeebar/o means “sugar.”) 
Glucose (GLU-kose), a simple sugar that circulates in the 
blood as a cellular nutrient, is an example of a monosae- 
eharide. Two simple sugars may be linked together to form 
a disaeeharide (see Fig. 2-8E), as represented by sucrose, 
or table sugar. More complex earbohydrates, or polysae- 
eharides, eonsist of many simple sugars linked together (see 
Fig. 2-8C). (The prefix di- means “two,” and poly- means 
“many.”) Examples of polysaeeharides are stareh, which is 
manufactured in plant eells, and glyeogen (GLI-ko-jen), a 
storage form of glucose found in liver eells and skeletal mus- 
ele eells. Carbohydrates in the form of sugars and starehes 
are important dietary sources of energy. 


ensEPOim 



2-5 VVhat type of earbohydrate was administered to Margaret 
in the ease study? 


LIPIDS 

Lipids are a elass of organie compounds that are not 
soluble in water. They are mainly found in the body as 
fat. Simple fats are made from a substance ealled glyeerol 
(GLIS-er-ol), eommonly known as glyeerin, in eombina- 
tion with three fatty aeids (Fig. 2-9). One fatty aeid is 
attaehed to eaeh of the three earbon atoms in glyeerol, so 
simple fats are deseribed as triglyeerides (tri-GLIS-er-ides) 
(the prefix tri- means “three”). Fats insulate the body and 
proteet internal organs. In addition, fats are the main form 
in which energy is stored, and most eells use fatty aeids 
for energy. 

Two other types of lipids are important in the 
body. Phospholipids (fos-fo-LIP-ids) are complex lipids 
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B Disaeeharide C Polysaeeharide 


Figure 2-8 


Examples of earbohydrates. ' KEY POINT A monosaeeharide (A) is a simple sugar.A disaeeharide 


(B) eonsists of two simple sugars linked together, whereas a polysaeeharide (C) eonsists of many simple sugars linked 
together in ehains. m ZOOMING IN What are the building bloeks (monomers) of disaeeharides and polysaeeharides? 


Glyeerol 


A 



B 


H 


CH 


C 



Oholesterol (a steroid) 


H 


ch 2 —ch 2 — ch 2 — c—ch 3 


CH 


Figure 2-9 


Lipids. A. A triglyeeride, a simple fat,eontains glyeerol eombined with three fatty aeids. B. eholesterol is 


a type of steroid,a lipid that eontains rings of earbon atoms. ZOOMING IN How many earbon atoms are in glyeerol? 
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eontaining the element phosphoms. Among other func- 
tions, phospholipids make up a major part of the membrane 
around living eells. Steroids are lipids that eontain rings of 
earbon atoms. The most important sterol is eholesterol 
(ko-LES-ter-ol), another eomponent of cellular membranes 
(see Fig. 2-9B). Cholesterol is also used to make steroid hor- 
mones, including eortisol, testosterone, and estrogen. 

PROTEINS 

All proteins (PRO-tenes) eontain, in addition to earbon, 
hydrogen, and oxygen, the element nitrogen (Nl-tro-jen). 
They may also eontain sulfur or phosphorus. Proteins are 
the body’s structural materials, found in muscle, bone, and 


eonneetive tissue. They also make up the pigments that give 
hair, eyes, and skin their eolors. It is proteins that make 
eaeh individual physieally distinet from others. Proteins 
also serve functional roles. For instanee, some aet as trans- 
porters, moving substances aeross eell membranes. Other 
proteins, known as enzymes, promote metabolie reaetions. 
Enzymes are discussed further below. 

Proteins are eomposed of monomers ealled amino 
(ah-ME-no) aeids ( = ig. 2-10). Although only about 20 
different amino aeids exist in the body, a vast number of 
proteins ean be made by linking them together in different 
eombinations. 

Eaeh amino aeid eontains an aeid group (COOH) and 
an amino group (NH,), the part of the molecule that has 



Amino group 




An amino aeid 





Aeid group 


y 




Amino aeid 1 Amino aeid 2 A dipeptide 

B 




Helix 

C 


Fibrous protein Globular protein 
(eollagen) (myoglobin) 

D 


Figiire 2-10 


Proteins. A. Amino aeids are the building bloeks of proteins. Eaeh amino aeid eontains an amino 


group and an aeid group attaehed to a earbon atom.The remainder of the molecule (shown by R) ean vary in 20 
different ways. B.The aeid group of one amino aeid ean reaet with the amino group of another forming a peptide 
bond. Further additions of amino aeids result in formation of a polypeptide ehain. C. Chemical attraetions between 
nonadjaeent amino aeids form simple shapes, such as a helix. D. Fibrous proteins eonsist of multiple protein heliees 
eoiled together.Globular proteins eonsist of heliees (or other simple shapes) folded baek on themselves into complex 
three-dimensional structures.The eharaeteristie shape of eaeh protein is eritieal to its function. r _ ZOOMING IN What 
part of an amino aeid eontains nitrogen? 
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Enzyme Substrate Product 



Figure 2-11 


fí 


An enzyme joins with substrate 1 (S 


and substrate 2 (S 2 ) and speeds up the ehemieal reaetion in which the two substrates bond.Onee a 
new product is formed from the substrates,the enzyme is released unchanged.' _ ZOOMING IN 
How does the shape of the enzyme before the reaetion eompare with its shape after the reaetion? 



the nitrogen. These groups are attaehed to either side of a 
earbon atom linked to a hydrogen atom. The remainder of 
the molecule, symbolized by R in Figiire 2-IOA, is different 
in eaeh amino aeid, ranging from a single hydrogen atom 
to a complex ehain or ring of earbon and other elements. 
These variations in the R region of the molecule account for 
the differenees in the amino aeids. 

In forming proteins, the aeid group of one amino aeid 
eovalently bonds with the amino group of another amino 
aeid (Fig. 2-IOB). This bond is ealled a peptide bond. 
Many amino aeids linked together in this way form a 
protein, which is essentially a long ehain of amino aeids. 
(Shorter ehains of amino aeids are sometimes ealled poly- 
peptides). The linear ehain of amino aeids ean fold into 
speeifie shapes because of ehemieal attraetions between 
nonadjaeent amino aeids. The most eommon of these sim- 
ple shapes is a helix (spiral) ( = ig. 2-10C). The final, func- 
tional form of a protein depends on further interaetions 
between these simple shapes ( r ig. 2-IOD). Some proteins 
eonsist of multiple protein ehains, eaeh folded into a helix, 
eoiled together into ropelike structures ( = ig. 2-1OD, left 
side). These proteins are known as fibrous proteins, and 
they play important roles in body structure. Collagen, for 
instanee, provides structure to bones and eartilage. Other 
proteins, known as globular proteins, eonsist of heliees (or 
other simple shapes) folded baek on themselves into eom- 
plex three-dimensional structures ( = ig. 2-10D, right side). 
Myoglobin for example, is a globular protein similar 
to hemoglobin that stores oxygen in muscle eells. Other 
globular proteins include hormones, antibodies needed 
for immunity, enzymes (deseribed below), and many other 
metabolieally aetive compounds. The overall three-dimen- 
sional shape of a protein is important to its function, as ean 
be seen in the aetivity of enzymes. 

Enzymes Enzymes (EN-zimes) are proteins that are 
essential for metabolism. They are eatalysts (KAT-ah- 
lists) in the hundreds of reaetions that take plaee within 
eells. Without these eatalysts, which inerease the speed of 
ehemieal reaetions, metabolism would not occur at a fast 
enough rate to sustain life. Because eaeh enzyme works 
only on a speeifie substance, or substrate, and does only 
one speeifie ehemieal job, many different enzymes are 
needed. Like all eatalysts, enzymes take part in reaetions 
only temporarily; they are not used up or ehanged by the 


reaetion. Therefore, they are needed in small amounts. 
Many of the vitamins and minerals required in the diet are 
parts of enzymes. 

An enzyme’s shape is important in its aetion. Just as 
the shape of a key must fit that of its loek, an enzyme’s 
shape must mateh the shape of the substrate it aets on. 
This so-ealled “loek-and-key” meehanism is illustrated in 
Figure 2-1 . Harsh eonditions, such as extremes of tem- 
perature or pH, ean alter the shape of any protein, such as 
an enzyme, and destroy its ability to fimetion. The altera- 
tion of a protein’s shape so that it ean no longer fimetion 
is termed denaturation. Such an event is always harmful 
to the eells. 

You ean usually reeognize the names of enzymes because, 
with few exceptions, they end with the suffix -ase. Examples 
are lipase, protease, and oxidase. The first part of the name 
usually refers to the substance aeted on or the type of reaetion 
in which the enzyme is involved. 

NUCLEOTIDES 

One additional elass of organie compounds is eomposed of 
building bloeks ealled nucleotides (NU-kle-o-tides) ( = ig. 2-12). 
A nucleotide eontains 

■ A nitrogenous (nitrogen-eontaining) subunit ealled a 
base (not to be eonfiised with an alkali). 

■ A sugar, usually a sugar ealled ribose or a related sugar 
ealled deoxyribose. 

■ A phosphate group, which eontains phosphorus. 
There may be more than one phosphate group in the 
nucleotide. 

9 Tbus, out of the four nutrient types , nneleotides and ear- 
bohydrates eontain sugar ; but proteins and triglyeerides 
do not. The nucleic aeids deoxyribonucleic aeid (DNA) 
and ribonucleic aeid (RNA), involved in the transmission 
of genetie traits and their expression in the eell, are eom- 
posed of nucleotides. These are discussed in further detail 
in Chapter 3. Adenosine triphosphate (ATP), the eell’s high- 
energy compound, is also a nucleotide. The extra energy in 
ATP is stored in speeial bonds between the nucleotide’s three 
phosphates (see Fig. 2-12B). When these bonds are broken 
eatabolieally, energy is released for cellular aetivities. Learn 
more about ATP and its role in metabolism in Chapter 20. 
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High-energy bonds 





A Niieleotide 


B ATP 


Figure 2-12 


Nudeotides. A. A nucleotide eonsists of a nitrogenous base, a sugar, and one or more phosphate 


groups. B. ATP has high-energy bonds between the phosphates. When these bonds are broken, energy is released. 
ZOOMING IN What does the prefix tri- in adenosine triphosphate mean? 


CHECKPOINTS 

2-12 What element is the basis of organie ehemistry? 

2-13 What are the three main eategories of organie 
compounds? 

2-14 What is an enzyme? 

2-15 What is in a nucleotide, and what compounds are made 
of nucleotides? 



See the Student Resources on thePoinf to view an 
animation on enzymes. In addition, the Health 
Professions topie, “Pharmaeists and Pharmaey 
Teehnieians,” deseribes some professions that 
require knowledge of ehemistry. 


A & P in Aetion Revisited 


Margaret: Baek in Balanee 


"Good morning, Mrs. Ringland. How are you feeling 
today?" asked AngeLa. 

"Much better, thank you," replied Margaret. Tm 
so gratefuL that my nieee found me when she did." 

Tm gLad, too," said AngeLa. "With the heat wave 
we're having, dehydration ean beeome a serious probLem. 
OLder aduLts are particuLarLy at risk of dehydration because 
with age there is usuaLLy a deerease in muscLe tissue, 
which eontains a Lot of water, and a reLative inerease in 
body fat, which does not. So, oLder aduLts don't have as 
much water reserve as do younger aduLts. But," AngeLa 
continued as she fLipped through Margaret's ehart, "it 
Looks Like you're weLL on your way to a fuLL reeovery. Your 
eLeetroLytes are baek in baLanee, and your bLood pH is 
normaL. Your bLood pressure is baek to normaL, and your 
heart rate is good too. Your inereased urine output teLLs 
me that your other organs are reeovering as weLL." 

"Does that mean I ean get rid of this IV?" asked 
Margaret. 


"WeLL, I'LL eheek with your doetor first," repLied 
AngeLa. "But when you do have the IV removed, you 
wiLL need to make sure that you drink pLenty of fLuids." 

It was the end of another Long shift, and AngeLa 
was at her Loeker, ehanging into a pair of shorts and 
a T-shirt. As she dosed her Loeker, she thought of 
Margaret onee again. It aLways amazed her that ehem- 
istry couLd have such a huge impaet on the body as a 
whoLe. She grabbed her water bottLe, took a Long drink, 
and headed out into the seorehing heat. 

In this ease, we see that heaLth professionaLs 
require a background in ehemistry to understand how 
the body works—when heaLthy and when not. As you 
Learn more about the human body, eonsider referring 
baek to this ehapter when neeessary. For more infor- 
mation about the eLements that make up every singLe 
substance within the body, see Appendix 1: Periodie 
TabLe of the ELements at the baek of this book. 
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Chapter Wrap-Up 


Summary Overvievv 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


aeid 

ehemistry 

amino aeid 

eolloid 

anion 

compound 

aqueous 

denaturation 

atom 

eleetrolyte 

base 

eleetron 

buffer 

element 

earbohydrate 

enzyme 

eatalyst 

glucose 

eation 

glyeogen 


ion 

salt 

isotope 

solute 

lipid 

solution 

molecule 

solvent 

nucleotide 

steroid 

neutron 

substrate 

pH 

suspension 

protein 

valenee 

proton 


radioaetive 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning 
the meanings of these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

ehemieal Bonds 

eo- 

together 

Govalent bonds form when atoms share eleetrons. 

Solntions and Snspensions 

aqu/e 

water 

In an aqueous solution, water is the solvent. 

heter/o- 

different 

Heterogeneons solutions are different (not uniform) throughout. 

hom/o- 

same 

Homogeneons mixtures are the same throughout. 

hydr/o- 

water 

Dehydration is a defieieney of water. 

-phil 

to like 

Hydrophilie substances “like” water—they mix with or dissolve in it. 

-phobia 

fear 

Hydrophobie substances “fear” water—they repel and do not dissolve in it. 

Organie Compounds 

-ase 

suffix used in naming enzymes 

A lipase is an enzyme that aets on lipids. 

de- 

remove 

Denatnration of a protein removes its ability to function (ehanges its nature). 

di- 

twice, double 

A disaeeharide eonsists of two simple sugars. 

glye/o- 

sugar, glucose, sweet 

Glyeogen is a storage form of glucose. It breaks down to release glucose. 

mon/o- 

one 

In a monosaeeharide , “mono-” refers to one. 

poly- 

many 

A polysaeeharide eonsists of many simple sugars. 

saeehar/o- 

sugar 

A monosaeeharide eonsists of one simple sugar. 

tri- 

three 

Triglyeerides have one fatty aeid attaehed to eaeh of three earbon atoms. 


Quest ons for Study and Rev1ew 


BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. The subunits of elements are_. 

2. The atomie number is the number of_in an atom’s 

nucleus. 

3. A mixture of solute dissolved in a solvent is ealled a(n)_ 


4. Blood has a pH of 7.35 to 7.45. Gastrie juice has a pH of 

about 2.0. The more alkaline fluid is_. 

5. Proteins that eatalyze metabolie reaetions are ealled 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 

_ 6. A simple earbohydrate such as glucose a. polysaeeharide 

_ 7. A complex earbohydrate such as glyeogen b. phospholipid 

_ 8. An important eomponent of eell membranes C. nucleotide 

_ 9. Examples inehide DNA, RNA, and ATP d. amino aeid 

_ 10. The basie building bloek of protein e. monosaeeharide 
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Mnltiple Choice 

_ 11. What type of mixture is red blood eells “floating” 

in plasma? 

a. compound 

b. suspension 
C. eolloid 

d. solution 

_ 12. What is the most abundant compound in the body? 

a. earbohydrate 

b. protein 
C. lipid 
d. water 

_ 13. Which compound releases ions when in solution? 

a. solvent 

b. eleetrolyte 
C. anion 

d. eolloid 


IINDERSTANDING CONCEPTS 

16. Compare and eontrast the following terms: 

a. proton, neutron, and eleetron 

b. ionie bond and eovalent bond 
C. anion and eation 

d. polar and nonpolar eovalent bonds 

e. aeid and base 

17. What are some of the properties of water that make it an 
ideal medium for living eells? 

18. What is pH? Discuss the role of buffers in maintaining a 
steady pH in the body. 


14. Which substance releases a hydrogen ion when 
dissolved in water? 

a. aeid 

b. base 
C. salt 

d. eatalyst 

15. Which element is found in all organie compounds? 

a. oxygen 

b. earbon 
C. nitrogen 

d. phosphoms 


19. Deseribe some uses of radioaetive isotopes in medieine. 

20. What are the eharaeteristies of organie compounds? 

21. Compare and eontrast earbohydrates, lipids, and 
proteins, and give examples of eaeh. 

22. List the eomponents of nucleotides, and give three 
examples of nucleotides. 

23. Define the term enzyme , and discuss the relationship 
between enzyme structure and enzyme function. 


CONCEPTUAL THINKING 

24. Explain the statement, “All compounds are eomposed of 
molecules, but not all molecules are compounds.” 

25. Based on your understanding of strong aeids and 
bases, why does the body have to be kept at a elose-to- 
neutral pH? 

26. In the opening ease study, Margaret’s blood tests showed 
that the pereentage of red eells in her blood was high. 
Explain how the high reading relates to Margaret’s 
eondition. 


27. Margaret was initially suffering from hypernatremia. Define 
the term hypernatremia using the Word Part glossary at the 
baek of the textbook if neeessary. Use Appendix 1 to find 
the name, ehemieal symbol, atomie number, and atomie 
weight of the element involved in this eondition. 


For more questions, see the Learning Aetivities on 

thePoinf. 








CHAPTER 


Gells and Their 




Learnìng Objeetìves 

After carefuL study of this ehapter, you should be 
abLe to: 

1 ► List three types of mieroseopes used to 

study eeLLs. p. 40 

2 ► Deseribe the eomposition and functions 

of the pLasma membrane. p. 41 

3 ► Deseribe the eytopLasm of the eeLL, and 

eite the names and functions of the 
main organeLLes. p. 43 

4 ► Deseribe methods by which substances 

enter and Leave eeLLs that do not require 
ceLLuLar energy. p. 46 

5 ► ExpLain what wiLL happen if eeLLs are 

pLaeed in soLutions with eoneentrations 
the same as or different from those of 
the eytopLasm. p. 47 

6 ► Deseribe methods by which substances 

enter and Leave eeLLs that require ceLLuLar 
energy. p. 49 

7 ► Deseribe the eomposition, Loeation, and 

function of the DNA in a eeLL. p. 52 

8 ► Compare the functions of three types of 

RNA in eeLLs. p. 53 

9 ► ExpLain briefLy how eeLLs make proteins. 

p. 53 

ÌO^ Name and briefLy deseribe the stages in 

mitosis. p. 55 

11 ► Llse the ease study to discuss the 

importanee of the pLasma membrane to 
the functioning of the body as a whoLe. 

pp. 39, 57 

12 ► Show how word parts are used to 

bmìd words reLated to eeLLs and their 
functions (see Word Anatomy at the end 
of the ehapter). p. 59 







































A & P ìn Aetion Ben’s Case: How a Cellular Failure 7iffeets the Entire Body 



"Cough. Cough. Cough." Alison 
awoke with a start. "Not again," 
she thought as she stumbLed out of 
bed toward the baby's room. For the 
Last few days, ALison's 1-year-oLd was 
siek with what appeared to be a 
nasty ehest infeetion. This wasn't 
unusuaL for Ben—he had eome 
down with severaL Lung infeetions 
in the past year and often seemed 
eongested, but ALison had ehaLked 
this up to normaL ehiLdhood iLL- 
nesses. LateLy though, ALison had beeome more worried, 
espeeiaLLy after taking Ben to their community eenter, where 
she notieed that he seemed smaLLer than the other ehiLdren of 
his age and was not as aetive. "I'LL take him in to see the doe- 
tor tomorrow," ALison thought as she sat down in the roeking 
ehair beside Ben's erib and began patting his baek. 

At the medieaL eenter, Ben's doetor examined him eare- 
fuLLy. Ben was smaLLer and weighed Less than did most boys 
of his age, despite his mom's observation that he had a good 
appetite. His recurrent respiratory infeetions were aLso cause 
for worry. In addition, ALison reported that Ben had frequent 


boweL movements with stooLs that were often fouL smeLL- 
ing and greasy. The doetoris next question caught ALison off 
guard. "When you kiss your son, does he taste saLtier than 
what you might expect?" The doetor wasn't surprised when 
ALison answered yes. "I need to run a few more tests before I 
ean make a diagnosis," he said. "In the meantime, Let's start 
Ben on some oraL antibioties for his ehest infeetion." 

A few days Later, Ben's doetor reviewed his ehart and the 
Lab test resuLts. Chest and sinus radiography showed evidenee 
of baeteriaL infeetion and thiekening of the membrane Lin- 
ing Ben's respiratory passages. The bLood test indieated that 
Ben had eLevated LeveLs of the panereatie enzyme immuno- 
reaetive trypsinogen. Genetie testing reveaLed mutations in 
a speeifie gene eaLLed CFTR. The sweat test reveaLed that 
Ben's sweat gLands excreted abnormaLLy high eoneentrations 
of sodium ehLoride. With the evidenee he had, the doetor 
was ready to make his diagnosis. Ben had eystie fibrosis (CF). 

CF is caused by a mutation in a gene that eodes for 
a ehanneL protein in the pLasma membrane of onLy eertain 
types of eeLLs. Its consequences, however, are seen in many 
different organs and systems—espeeiaLLy the respiratory and 
digestive systems. We wiLL Learn more about the impLieations 
of this disease Later in the ehapter. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to 
text and its resources most effeetively, see pp. xi-xxii. 

Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Eleetron Mierograph of an Animal Cell 
Magnified over 20,000 Times 

► Web Figure: Eleetron Mierograph of an Animal Cell 
Magnified over 48,000 Times 

► Web Figure: Eleetron Mierograph of a Replieated 
ehromosome 

► Animation: Osmosis 

► Animation: Function of Proteins in the Plasma 
Membrane 

► Animation: The Cell Cycle and Mitosis 


aeeess the following resources. For guidance in using this 

► Health Professions: Cytotechnologist 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 


depended on improvements in the design of the single-lens 
mieroseope used in the late 17th century. The following three 
mieroseopes, among others, are used today: 


Tbe ebemieals ive learned about in Gbapter 2 are tbe bnilding 
bloeks of eells, tbe fundamental stmetmes of all organisms. 
In tbis ebapter ; ive also learn more about tbe nucleotides, first 
introduced in Cbapter 2. 

T he eell is the basie unit of all life. It is the simplest struc- 
ture that shows all the eharaeteristies of life, including 
organization, metabolism, responsiveness, homeostasis, 
growth, and reproduction. In faet, it is possible for a single 
eell to live independently of other eells. Examples of some 
free-living eells are mieroseopie organisms such as protozoa 
and baeteria, some of which produce disease. As we saw in 
Chapter 1, eells make up all tissues in a multicellular organ- 
ism; the human body, for example, eontains trillions of eells. 
All of the body’s abilities, including thinking, mnning, and 
generating energy from food refleet aetivities occurring in 
individual eells. So, understanding how the body aeeom- 
plishes these complex aetions requires first that we under- 
stand the structures and abilities of individual eells. 

Mieroseopes 

The study of eells is eytology (si-TOL-o-je). Seientists first saw 
the outlines of eells in dried plant tissue almost 350 years ago. 
They were using a mieroseope, a magnifying instrument that 
allowed them for the first time to examine structures not visible 
to the naked eye. Study of a eell’s internal structure, however, 


■ The compound light mieroseope is the mieroseope most 
eommonly used in laboratories. This instmment, which 
ean magnify an objeet up to 1,000 times, usually has two 
lenses and uses visible light for illumination, although 
some may use other light sources (such as ultraviolet 

light). 

■ The transmission eleetron mieroseope (TEM) uses an 
eleetron beam in plaee of visible light and ean magnify 
an image up to 1 million times. 

■ The seanning eleetron mieroseope (SEM) does not mag- 
nify as much as does the TEM (100,000 times) and 
shows only surface features; however, it provides a three- 
dimensional view of an objeet. 

These mieroseopes are eommonly linked to eameras and 
computers to reeord and digitally analyze images. Figure 3-1 
shows some eell structures viewed with eaeh of these types 
of mieroseopes. The structures are eilia—short, hairlike 
projeetions from the eell that move nearby fluids. The met- 
rie unit used for mieroseopie measurements is the mierom- 
eter (Ml-kro-me-ter). This unit is 1/1,000 of a millimeter 
and is abbreviated as mem. 

Before seientists ean examine eells and tissues under a 
light mieroseope, they must usually eolor them with speeial 
dyes ealled stains to aid in viewing. These stains produce the 
variety of eolors seen in photographs (mierographs) of eells 
and tissues taken under a mieroseope. 



Figure 3-1 


Cilia photographed under three different mieroseopes/^ KEY POINT Eaeh type of mieroseope produces a 


different type of image that reveals different aspeets of structure. A. Cilia (hairlike projeetions) in eells lining the traehea under the highest 
magnifìeation of a compound light mieroseope (1,000 times). B. Cilia in the bronehial lining viewed with a TEM. Internal eomponents are visible 
at this much higher magnifìeation.e. Cilia on eells lining a uterine tube as seen with a SEM (7,000 times). A three-dimensional view is visible. 
ZOOMING IN Which mieroseope shows the most internal structure of the eilia? Which shows the eilia in three dimensions? 
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CHECKPOINTS © 

3-1 List six eharaeteristies of life shovvn by eells. 
3-2 Name three types of mieroseopes. 


See the Student Resources on lePoinf for infor- 
mation on eareers in eytoteehnology, the elinieal 
laboratory study of eells, as well as to view eleetron 
mierographs of the eell. 


Cell Structure 

Just as people may look different but still have eertain features 
in eommon—two eyes, a nose, and a mouth, for example—all 
eells share eertain eharaeteristies. Refer to Figure 3-2 as we 
deseribe some of the structures that are eommon to most ani- 
mal eells. A summary table follows the deseriptions. 

PLASMA MEMBRANE 

The outer layer of the eell is the plasma membrane ( 'ig. 3-3). 
(This eell part is still often ealled the eell membrane , although 
this older term fails to distinguish between the eell’s outer 
membrane and other internal cellular membranes.) The plasma 
membrane not only eneloses the eell eontents but also partiei- 
pates in many cellular aetivities, such as growth, reproduction, 
and communication between eells, and it is espeeially impor- 
tant in regulating what ean enter and leave the eell. 


Some eells speeialize in the uptake, or absorption , of 
materials from the extracellular fluid. The plasma membrane 
of these eells is often folded into multiple small projeetions 
ealled mierovilli (mi-kro-VIL-li; see Fig. 3-2). These pro- 
jeetions inerease the membrane’s surface area, allowing for 
greater absorption, much as a sponge’s many holes provide 
inereased surface for absorption. Mierovilli are found on eells 
that line the small intestine, where they promote absorption 
of digested foods into the circulation. They are also found on 
kidney eells, where they reabsorb materials that have been 
filtered out of the blood. 

Oomponents of the Plasma Membrane The main 

substance of the plasma membrane is a double layer—or 
bilayer—of lipid molecules. Because these lipids eontain 
the element phosphoms, they are ealled pbospbolipids. We 
introduced these lipids in Chapter 2, along with eholes- 
terol, another type of lipid found in the plasma membrane. 
Molecules of eholesterol are loeated between the phospho- 
lipids, and they make the membrane stronger and more 
flexible. 

Carbohydrates are present in small amounts on the outer 
surface of the membrane, eombined either with proteins (glyeo- 
proteins) or with lipids (glyeolipids). These earbohydrates help 
eells reeognize eaeh other and stiek together. 

A variety of different proteins float within the lipid 
bilayer. Some of these proteins extend all the way through the 
membrane, and some are loeated near the membrane’s inner 
or outer surface. The importanee of these proteins is revealed 


Nuclear membrane 



Golgi apparatus 


M i erovi III 


Nucleos 


Plasma 

membrane 


Vesíele 


Peroxisome 


Mitoehondrion 


Smooth endoplasmie 
retieijlym (ER) 


Gentriole 
Lysosome 


Rough 
endoplasmie 
reticulum (ER) 


Ribosomes 


Oytosol 


Figure 3-2 


A generalized animal eell, seetional view. 



rough? What is the liquid part of the eytoplasm ealled? 


ZOOMING IN What is attaehed to the ER to make it look 
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Proteins 


Cytoplasm 


Cholesterol 


Carbohydrate 


Protein 

ehannel 


Lipid bilayer 


Phospholipids 


Extracellular 

fluid 



Figure 3-3 


The plasma membrane. This drawing shows the current eoneept of its 


structure. ( KEY POINTThe membrane is eomposed of a double layer of phospholipids 
with proteins and other materials embedded in it. ZOOMING IN Why is the plasma 
membrane deseribed as a bilayer? 


in later ehapters, but they are listed here along with their 

functions, as well as summarized and illustrated in Table 3-1. 

■ Channels—pores in the membrane that allow speeifie 
substances to enter or leave. Certain ions travel through 
ehannels in the membrane. 

■ Transporters—shuttle substances from one side of the 
membrane to the other. Unlike ehannels, transporters 
ehange shape during transport. Glucose, for example, is 
earried into eells using transporters. 

■ Reeeptors—speeialized proteins that mediate the effeets 
of ehemieal signals on eells. Chemicals such as hormones 
or neurotransmitters (ehemieal signals used by the ner- 
vous system) bind to a reeeptor, which then alters eell 
function. For example, the hormone insulin binds to a 
reeeptor on muscle eells, and the bound reeeptor stim- 
ulates the production of the glucose transporters men- 
tioned above. Some neurotransmitters bind to reeeptors 
that open or elose membrane ehannels. Chapter 9 dis- 
cusses neurotransmitter reeeptors in greater detail, and 
Chapter 12 discusses hormone reeeptors. 

■ Enzymes—partieipate in reaetions occurring at the 
plasma membrane. 


Linkers—link to other proteins within the eell to sta- 
bilize the membrane and link to membrane proteins of 
other eells to attaeh eells together. 

Cell identity markers—proteins unique to an individual’s 
eells. These are important in the immune system. 


ensEPOim 



3-1 Ben's ease involves a defeet in a protein that allows ions 
to pass through the plasma membrane. What type 
of membrane protein is this? 


See the Student Resources on thePoinf to view 
an animation on the functions of proteins in the 
plasma membrane. 


THE NUCLEUS 

Just as the body has different organs to earry out speeial func- 
tions, the eell eontains speeialized structures that perform dif- 
ferent tasks ( Table 3-2). These structures are ealled organelles, 
which means “little organs.” The largest of the organelles is 
the nucleus (NU-kle-us), which is surrounded by a membrane, 
the rmelear membrane , that eneloses its eontents. 
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Proteins in the Plasma Membrane and Their Functions 


Type of Protein 


Function 


lllustration 


ehannels 


Pores in the membrane that allow passage 
of speeiíie substances, such as ions 


Transporters Proteins that ehange shape as they shuttle 

substances, such as glucose, aeross the 
membrane 


Reeeptors 


Allow for attaehment of substances, such as 
hormones, to the membrane 


Enzymes 


Partieipate in reaetions at the membrane 
surface 


Linkers 


Help stabilize the plasma membrane and 
attaeh eells together 


Cell identity markers Proteins unique to a person’s eells; important 

in the imrmrne system and in transplantation 
of tissue from one person to another 



The nucleus is often ealled the eontrol eenter of the eell 
because it eontains the ehromosomes (KRO-mo-somes), the 
threadlike structures of heredity that are passed on from 
parents to their ehildren. It is information eontained in the 
ehromosomes that governs all cellular aetivities, as deseribed 
later in this ehapter. Most of the time, the ehromosomes are 
loosely distributed throughout the nucleus, giving it a uni- 
form, dark appearanee when stained and examined under a 
mieroseope (see Fig. 3-2). When the eell is dividing, how- 
ever, the ehromosomes tighten into their visible threadlike 
forms. 

Within the nucleus is a darker stained region ealled the 
nucleolus (nu-KLE-o-lus), which means “little nucleus.” The 
job of the nucleolus is to assemble ribosomes (Rl-bo-somz), 
small bodies outside the nucleus that are involved in the man- 
ufacture of proteins. 


THE CYTOPLASM 

The remaining organelles are part of the eytoplasm (Sl-to- 
plazm), the material that fills the eell from the mielear 
membrane to the plasma membrane. The liquid part of the 
eytoplasm is the eytosol, a suspension of nutrients, eleetrolytes, 
enzymes, and other speeialized materials in water. The main 
organelles are deseribed here (see Table Z-í ). 

Reeall that ribosomes are small organelles that assem- 
ble proteins. Ribosomes begin the proeess of protein syn- 
thesis while floating freely in the eytoplasm. Then, they 
usually migrate to the surface of a different organelle, the 
endoplasmie reticulum. The endoplasmie reticulum (en-do- 
PLAS-mik re-TIK-u-lum) is a membranous network loeated 
between the nuclear membrane and the plasma membrane. 
Its name literally means “network” (reticulum) “within the 
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Cell Parts 


Name 


Deseription 


Function 



Plasma membrane 


Mierovilli 

Nucleus 

Nucleolus 

Cytoplasm 

Cytosol 

Endoplasmie 
reticulum (ER) 


Outer layer of the eell; eomposed mainly of lipids 
and proteins 


Short extensions of the plasma membrane 

Large, membrane-bound, dark-staining organelle 
near the eenter of the eell 

Small body in the nucleus 

Oolloid that fills the eell from the nuclear 
membrane to the plasma membrane 

The fluid portion of the eytoplasm; eontains water, 
enzymes, nutrients, and other substances 

Network of membranes within the eytoplasm. 
Rough ER has ribosomes attaehed to it; smooth 
ER does not 


Eneloses the eell eontents; regulates what enters 
and leaves the eell; partieipates in many 
aetivities, such as growth, reproduction, and 
interaetions between eells 

Absorb materials into the eell 

Contains the ehromosomes, the hereditary 
structures that direet all cellular aetivities 

Makes ribosomes 

Site of many cellular aetivities; eonsists of 
eytosol and organelles 

Surrounds the organelles; site of many ehemieal 
reaetions and nutrient storage 

Rough ER modifies, folds, and sorts proteins; 
smooth ER partieipates in lipid synthesis 


Ribosomes 
Golgi apparatus 


Small bodies free in the eytoplasm or attaehed to 
the ER; eomposed of RNA and protein 

Layers of membranes 


Manufacture proteins 

Further modiíies proteins; sorts and prepares 
proteins for transport to other parts of the 
eell or out of the eell 


Mitoehondria 

Lysosomes 

Peroxisomes 

Proteasomes 

Vesieles 


Large organelles with internal folded membranes 
Small saes of digestive enzymes 
Membrane-enelosed organelles eontaining enzymes 
Barrel-shaped organelles 
Small membrane-bound saes in the eytoplasm 


Convert energy from nutrients into ATP 

Digest substances within the eell 

Break down harmful substances 

Destroy improperly synthesized proteins 

Store materials and move materials into or out 
of the eell in bulk 


Centrioles Rod-shaped bodies (usually two) near the nucleus 

Surface projeetions Structures that extend from the eell 
Cilia Short, hairlike projeetions from the eell 

Flagellum Long, whiplike extension from the eell 


Help separate the ehromosomes during eell division 
Move the eell or the fluids around the eell 
Move the fluids around the eell 
Moves the eell 


eytoplasm” (endoplasmie), but for ease, it is almost always 
ealled simply the ER. Seetions of the ER studded with 
ribosomes have a gritty, uneven surface, causing them to 
be deseribed as rougb ER. An attaehed ribosome feeds the 
protein into the rough ER, where enzymes add sugar ehains 
and help the protein fold into the eorreet shape. The part of 
the ER that is not eovered with ribosomes appears to have 
an even surface and is deseribed as smootb ER. This type of 
ER is involved with the synthesis of lipids. 

The rough ER sends proteins to the nearby Golgi 
(GOL-je) apparatus (also ealled the Golgi complex), a 
large organelle eonsisting of a staek of membranous saes. 
As the proteins pass through this organelle, they are fur- 
ther modified, sorted, and paekaged for export from 
the eell. 

The mitoehondria (mi-to-KON-dre-ah) are large, 
round, or bean-shaped organelles with folded membranes 
on the inside. Enzymes within the mitoehondria eonvert the 
energy from nutrients into cellular energy in the form of 
adenosine triphosphate (ATP). Mitoehondria are the eell’s 
“power plants.” Aetive eells, such as muscle eells or sperm 


eells, need lots of energy and thus have large numbers of 
mitoehondria. 

Several types of organelles appear as small saes in the 
eytoplasm. These include lysosomes (Ll-so-somz), which 
eontain digestive enzymes. (The root lys/o means “dis- 
solving” or “separating.”) Lysosomes remove waste and 
foreign materials from the eell. They are also involved 
in destroying old and damaged eells as needed for repair 
and remodeling of tissue. Peroxisomes (per-OK-sih-somz) 
have enzymes that destroy harmful substances produced in 
metabolism. Read Box 3-1 to learn about the importanee of 
lysosomes and peroxisomes in health and disease. Vesieles 
(VES-ih-klz) are small, membrane-bound storage saes. 
They ean be used to move materials into or out of the eell, 
as deseribed later. 

Very small, barrel-shaped protein complexes ealled 
proteasomes (not shown in Fig. 3-2) also partieipate in 
waste removal. They speeialize in the destmetion of any 
proteins produced by the ribosomes and ER that do not 
meet quality eontrol speeifieations. Sometimes this qual- 
ity eontrol system is too sensitive, destroying relatively 
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CLINIC 







PERSPECTIVES 


Box 3-1 


Lysosomes and Peroxisomes: Cellular Reeyeling 


Two organelles that play a vital role in eelliilar disposal and 
reeyeling are lysosomes and peroxisomes. Lysosomes eon- 
tain enzymes that break down earbohydrates, lipids, proteins, 
and nucleic aeids. These powerful enzymes must be kept 
within the lysosome because they would digest the eell if they 
eseaped. In a proeess ealled autophagy (aw-TOF-ah-je), the 
eell uses lysosomes to safely reeyele cellular structures,fusing 
with and digesting worn-out organelles.The digested eompo- 
nents then return to the eytoplasm for reuse. Lysosomes also 
break down foreign material, as when eells known as phago- 
eytes (FAG-o-sites) engulf baeteria and then use lysosomes to 
destroy them.The eell may also use lysosomes to digest itself 
during autolysis (aw-TOL-ih-sis), a normal part of develop- 
ment./Aufo- means "self,"and eells that are no longer needed 


"self-destruct" by releasing lysosomal enzymes into their own 
eytoplasm. 

Peroxisomes are small membranous saes that resemble 
lysosomes but eontain different kinds of enzymes.They break 
down toxic substances that may enter the eell, such as drugs 
and aleohol, but their most important function is to break 
down free radieals. These substances are byproducts of nor- 
mal metabolie reaetions but ean kill the eell if not neutralized 
by peroxisomes. 

Disease may result if either lysosomes or peroxisomes are 
unable to function. In Tay-Saehs disease, nerve eells' lysosomes 
laek an enzyme that breaks down eertain kinds of lipids.These 
lipids build up inside the eells, causing malfunction that leads 
to brain injury,blindness,and death. 


fimetional proteins. CF, for instanee, results when protea- 
somes destroy a mutated but relatively functional version of 
an ion ehannel. Without this ehannel, mucus accumulates 
in the respiratory and digestive systems, eventually causing 
death. CF is the subject of Ben’s opening ease study. 


ensEPOim 



□ 3-2 Cystic fìbrosis involves a defeet in a membrane protein 

ealled CFTR. Name the organelles that synthesize, modify, 
and transport this protein to the plasma membrane. 


Centrioles (SEN-tre-olz) are rod-shaped bodies near the 
nucleus that function in eell division. They help to organize 
the eell and divide the eell eontents during this proeess. 


SURFACE ORGANELLES 

Some eells have structures projeeting from their surfaces 
that are used for motion. Cilia (SIL-e-ah) are small, hair- 
like projeetions that wave, ereating movement of the flu- 
ids around the eell (see Fig. 3-1). For example, eells that 
line the passageways of the respiratory traet have eilia that 
move impurities out of the system. Ciliated eells move the 
egg eell from the ovary to the uterus in the female reproduc- 
tive traet. 

A long, whiplike extension from a eell is a flagelhim 
(flah-JEL-lum). The only type of eell in the human body that 
has a flagellum is the male sperm eell. Eaeh human sperm eell 
has a flagellum that propels it toward the egg in the female 
reproductive traet (see Fig. 3-4E). 



Figure 3-4 


Cellular diversity. KEY POINT Cellsvary in structure aeeording totheirfunctions.A. A neuron has long 


extensions that piek up and transmit eleetrie impulses. B. Epithelial eells eover and proteet underlying tissue. C. Muscle eells have 
fibers that produce eontraetion. D. Red blood eells lose most organelles and have a round, indented shape to faeilitate blood flow 



through large vessels. E. A sperm eell is small and light and swims with a flagellum. „ ZOOMING IN Which of the eells shown would 
best eover a large surface area? 
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CELLULAR DIVERSITY 

Although all eells have some fundamental similarities, indi- 
vidual eells may vary widely in size, shape, and eomposition 
aeeording to their functions. The average eell size is 10 to 
15 mem, but eells may range in size from the 7 mem of a 
red blood eell to the 200 mem or more in the length of a 
muscle eell. 

Cell shape is related to eell function (Fig. 3-4). A neuron 
(nerve eell) has long fibers that transmit eleetrie signals over 
distanees up to 1 m (3 feet). Red blood eells are small and 
flexible, assuming an indented shape in large blood vessels 
to faeilitate blood flow but a eigar-like shape in small vessels 
to maximize gas exchange. As a red blood eell matures, it 
loses its nucleus and most other organelles, freeing up spaee 
to earry oxygen. 

Aside from eilia and flagella, all the organelles deseribed 
above are present in most human eells. They may vary in 
number, however. For example, eells producing lipids have 
lots of smooth ER. Cells that seerete proteins have lots of 
ribosomes and a prominent Golgi apparatus. All aetive eells 
have lots of mitoehondria to manufacture the ATP needed 
for energy. 


CHECKPOINTS 



3-3 List four substances found within the plasma membrane. 

□ 3-4 What are eell organelles? 

3-5 Why is the nucleus ealled the eell's eontrol eenter? 

□ 3-6 What are the two types of organelles used for movement, 

and what do they look like? 


Movement of Substances 
aeross the Plasma Membrane 

The plasma membrane serves as a barrier between the eell and 
its environment. Nevertheless, nutrients, oxygen, and many 
other substances needed by the eell must be taken in, and waste 
products must be eliminated. Oearly, some substances ean be 
exchanged between the eell and its environment through the 
plasma membrane. For this reason, the plasma membrane 
is deseribed at a simple level as semipermeable (sem-e-PER- 
me-ah-bl). It is permeable, or passable, to some molecules but 
impassable to others. 

The plasma membrane is freely permeable to lipid-solu- 
ble (fat-soluble) substances because they ean dissolve in and 
pass through the lipid bilayer. Steroid hormones and gases 
(0 2 , C0 2 , N 2 ) are examples of lipid-soluble substances. Small, 
uncharged molecules, such as urea, ean squeeze between 
the phospholipids and also pass through the membrane. 
Nutrients, ions, and other water-soluble substances eannot 
pass through the lipid bilayer, so they must use transporters 
or ion ehannels to eross. The permeability of the membrane 
to these substances thus depends on the presenee of speeifie 
membrane proteins. For instanee, we ingest stareh, but intesti- 
nal eells only possess transporters for the product of digested 
stareh (glucose). So, the intestinal eell membrane is permeable 
to glucose but not stareh. 


Because the permeability of the plasma membrane 
varies among substances and over time, the membrane is 
most accurately deseribed not as simply semipermeable but 
as seleetively permeable. It alters what ean enter and leave 
based on the eell’s needs. Various physieal proeesses are 
involved in exchanges through the plasma membrane. One 
way of grouping these proeesses is aeeording to whether 
they do or do not require cellular energy. 

MOVEMENT THAT DOES NOT REQUIRE 
CELLULAR ENERGY 

The adjeetive passive deseribes movement through the plasma 
membrane that does not direetly require energy output by 
the eell. Passive meehanisms depend on gradients, which are 
differenees in a particular quality between two regions. For 
instanee, a sled moves freely down an altitude gradient from 
a higher altitude to a lower altitude. In the body, many sub- 
stanees move because of differenees in solute eoneentrations, 
but other types of gradients (such as pressure gradients) ean 
also drive transport. 

Dif USÌOlì Diffusion is the net movement of partieles 
from a region of relatively higher eoneentration to one of 
lower eoneentration. Just as couples on a crowded danee 
floor spread out into all the available spaee to avoid hit- 
ting other daneers, diffusing substances spread throughout 
their available spaee until their eoneentration everywhere 
is the same—that is, they reaeh equilibrium (Fig. 3-5). 
Diffusion uses the partieles’ internal energy and does not 
direetly require cellular ATP. The partieles are said to fol- 
low, or move down, their eoneentration gradient from 
higher eoneentration to lower eoneentration. 

Partieles ean only enter or exit the eell by diffusion 
if they ean eross the plasma membrane. A partiele eannot 
diffuse through, regardless of the gradient strength, if the 
plasma membrane is impermeable to it. So lipid-soluble 
substances such as gases and steroid hormones diffuse freely 
in and out of eells whenever a eoneentration gradient exists. 
Water-soluble substances, on the other hand, will only dif- 
fuse aeross the plasma membrane if a suitable membrane 
protein (ion ehannel or transporter) is available to permit 
passage through the inhospitable lipid bilayer. Figure 3-6 
illustrates how glucose uses a transporter to diffuse aeross 
the plasma membrane. 



Figure 3-5 


Diffusion of a solid in a liquid. O KEY POINT 


The molecules of the solid tend to spread evenly throughout the 
liquid as they dissolve. 
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TIME 


Box 3-2 


m- 


The Relationship Is in the Graph 


Seienee is all about relationships. For 
instance,climate ehange seientists showthe 
relationship between human aetivity and oeean temperature, 
and medieal seientists evaluate the relationship between their 
new drug and improved function. In many eases, seientists use 
graphs to eonvinee their colleagues that a relationship exists. As 
a health consumer and perhaps a future health professional,you 
need to know how to eritieally evaluate graphs so that you ean 
make informed deeisions. 


QUESTION 

This graph illustrates one effeet of a drug being tested for indi- 
viduals with eystie fìbrosis.Gather as much information as you 
ean from the graph to explain the relationship between this 
drug and ehanging function in CF patients. 


Step 4. Look for trends in the data, and draw condusions. The 

line for the test drug group remains below the diagnostie cutoff 
for the entire treatment period, but the line for the plaeebo group 
remains high above it.Thus, we ean conclude that the drug lowers 
the sweat ehloride eoneentration in CF patients to normal levels 
within 15 days of treatment. We ean also note that the number 
of partieipants in the plaeebo group was eonsistently lower than 
that in the treatment group (both groups would have started 
with equivalent numbers).This trend suggests that the treatment 
group patients were healthier and better able to provide data for 
the study. 

See the ehapter Review questions to analyze this graph 
further, and see the Study Guide to get more praetiee ana- 
lyzing graphs. 


Step 1. Look at the title and the axes. This graph does not have 
a title, but we ean get the needed information from the axes.The 
X axis (horizontal) uses units such as days and weeks,so it repre- 
sents time.The Y axis (vertieal) is the eoneentration of ehloride in 
sweat. So, without looking at any data, we know that the graph 
shows ehanges in the sweat ehloride eontent over time. 

Step 2. Determine the graph type. This graph shows symbols 
(data points) joined together by lines, so it is a line graph (see 
Chapter 21 for an example of a bar graph.This graph actually 
includes two lines,one representing the plaeebo group (no aetive 
drug) and one representing the treatment group (test drug). 

Step 3. Figure out any abbreviations or symbols. Notiee that 
eireles (plaeebo) and squares (drug) are used to represent data 
points. Eaeh data point represents the average value of all partiei- 
pants.The fìgure legend tells us that values above the dotted line 
are diagnostie of eystie fìbrosis.The abbreviation "N" indieates the 
number of values used to calculate the data point. For instanee, 
65 patients provided data in the plaeebo group at week48. 



10 - 


Day Wk Wk Wk Wk Wk Wk 

15 8 16 24 32 40 48 

The fìrst data point is the baseline data.The cutoff point for a 
diagnosis of eystie fìbrosis is represented by the dashed line. 
The sample graph and data points are based on the work of 
Ramsey et al. 2011; NEJM 365:1663-1672. A CFTR potentiator 
in patients with eystie fìbrosis and the G551D mutation. 


Cystic fibrosis results from an abnormality in ehloride 
diffusion aeross the plasma membrane. See Box 3-2 to 
learn about a study that treats eystie fibrosis by inereasing 
ehloride transport. 

Osmosis Osmosis (os-MO-sis) is a speeial type of dif- 
fusion. The term applies speeifieally to the diffusion of 
water through a semipermeable membrane. Water moves 
rapidly through the plasma membrane of most eells with 
the help of ehannels ealled aquaporins (a-kwa-POR-ins). 
The water molecules move, as expected, from an area 
where there are more of them to an area where there are 
fewer of them. That is, the solvent (the water molecules) 
moves from an area of lower solnte eoneentration to an 
area of higher solute eoneentration, as demonstrated in 
Figure 3-7. 

For a physiologist studying water’s flow aeross mem- 
branes, as in exchange of fluids through eapillaries in the eir- 
culation, it is helpful to know the direetion in which water 


will flow and at what rate it will move. A measure of the foree 
driving osmosis is ealled the osmotie pressme. This foree ean 
be measured, as illustrated in Figure 3-8, by applying enough 
pressure to the surface of a liquid to stop the imvard flow of 
water by osmosis. The pressure needed to counteract osmosis 
is the osmotie pressure. In praetiee, the term osmotie pressme 
is used to deseribe a solution’s tendeney to draw in water. 
This foree is direetly related to eoneentration; the higher a 
solution’s eoneentration, the greater is its osmotie pressure. 

How Osmosis Affeets Ce//S Because water ean move easily 
through the plasma membrane of most eells, the extracellular 
fluid must have the same overall eoneentration of dissolved 
substances (solutes) as the eytoplasm (intracellular fluid). If 
this balanee is altered, water will move rapidly into or out 
of the eell by osmosis and ehange the eell volume (Fig. 3-9). 
Solutions with eoneentrations equal to the eoneentration of the 
eytoplasm are deseribed as isotonie (i-so-TON-ik). Tissue flu- 
ids and blood plasma are isotonie for body eells. Manufactured 
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Lower solute 
eoneentration 



Figure 3-6 


Diffusion using transporters.' KEY POINT Protein transporters in the plasma 


membrane move solute partieles through a membrane from an area of higher eoneentration to an area 
of lower eoneentration. A. A solute partiele enters the transporter. B.The transporter ehanges shape. 
C.The transporter releases the solute partiele on the other side of the membrane. f _ ZOOMING IN 
How would a deerease in the number of transporters affeet this solute's movement? 


solutions that are isotonie for the eells and ean thus be used 
intravenously to replaee body fluids include 0.9% salt, or nor- 
mal saline, and 5% dextrose (glucose). 

A solution that is less eoneentrated than the eytoplasm 
is deseribed as hypotonie. Based on the prineiples of osmosis 






Solute 

molecules 


* 



membrane 





m 


4 




Net flow 
of water 



Membrane 


A simple demonstration of osmosis. ' KEY 
POINTThe direetion of water flow tends to equalize eoneentrations 
of solutions.Solute molecules are shown in yellovv. All of the solvent 
[blue) is eomposed of water molecules. A.Two solutions with 
different eoneentrations of solute are separated by a semipermeable 
membrane. Water ean flow through the membrane, but the solute 
eannot. B. Water flows into the more eoneentrated solution, raising the 
level of the liquid in that side.' ZOOMING IN What would happen 
in this system if the solute could pass through the membrane? 


• ì 


Figiire 3-7 


v . “-•' / 


already explained, a eell plaeed in a hypotonie solution draws 
water in, swells, and may burst. When a red blood eell draws 
in water and bursts in this way, the eell is said to undergo 
hemolysis (he-MOL-ih-sis). If a eell is plaeed in a hypertonie 
solution, which is more eoneentrated than the cellular fluid, 


Foree 




Membrane 


Osmotie pressure. ( KEY POINT Osmotie 


Figure 3-8 


pressure is the foree needed to stop the flow of water by osmosis. 
Pressure on the surface of the fluid in side B counteracts the osmotie 


flow of water from side A to side B. ^ ZOOMING IN What would 
happen to osmotie pressure if the eoneentration of solute were 
inereased on side B of this system? 




















































ehapter 3 Cells and Their Fimetions 49 





.ì 


» * 


VVater movement 
(osmosis) 


A isotonie: no volume ehange 


B Hypotonie: eell swells 


C Hypertonie: eell shrinks 


Figure 3-9 


The effeet of osmosis on eells. KEY POINT Cells must be kept in fluids that are eompatible with the eoneentration of 


their eytoplasms.This figure shows how water moves through a red blood eell membrane in solutions with three different eoneentrations of 
solute. A.The isotonie (normal) solution has the same eoneentration as the cytoplasm,and water moves into and out of the eell at the same 
rate. B. A eell plaeed in a hypotonie (more dilute) solution draws water in, causing the eell to swell and perhaps undergo hemolysis (bursting). 
C.The hypertonie (more eoneentrated) solution draws water out of the cell,causing it to shrink,an effeet known as erenation. íj ZOOMING 
IN What would happen to red blood eells in the body if blood lost through injury were replaeed with pure water? 


it loses water to the surrounding fluids and shrinks, a proeess 
termed erenation (kre-NA-shun) (see Fig. 3-9). 

Fluid balanee is an important faeet of homeostasis and 
must be properly regulated for health. You ean figure out in 
which direetion water will move through the plasma mem- 
brane if you remember the saying “water follows salt,” salt 
meaning any dissolved material (solute). The total amount 
and distribution of body fluids is discussed in Chapter 19. 
Table 3-3 summarizes the effeets of different solution eon- 
eentrations on eells. 

m Osmosis is an important topie, so take tbe time to 
learn it tborongbly. Remember tbat it represents tbe move- 
ment of ivater ; not solnte. Water moves from tbe less eon- 
eentrated solntion into tbe more eoneentrated solntion, and 
ebanges eell volnme as a resnlt. * 


C7\SEP0MT 



□ 3-3 In Ben's case,chloride was prevented from entering 

eertain cells.What effeet would this have on the nearby 
extracellular fìuid? 


Filtration Filtration is the passage of water and dis- 
solved materials through a membrane down a pressure 
gradient from an area of higher pressure to an area of 
lower pressure. A meehanieal ( U pushing”) foree is usu- 
ally responsible for the high pressure. The membrane aets 
as a filter, preventing larger substances from erossing. An 
everyday example of filtration is an espresso maehine, 
which uses steam to inerease the pressure in the maehine 
above atmospherie pressure. This gradient forees water and 

© *The Miseoneeption Alerts featured in every ehapter of this book are 
derived from eommon errors students make in responding to questions in 
PrepU, an online supplemental review program available separately for this 
text. For information on aeeessing prepU, see pp. xviii-xix of the User’s 
Guide at the front of this text. 


dissolved ehemieals (such as eaffeine) into the cup, but the 
filter retains the grounds. In the body, heart eontraetions 
inerease the pressure in eapillaries (i.e., the blood pressure) 
above the pressure of the surrounding fluid. The gradient 
pushes water and eleetrolytes out of the eapillary, but the 
eapillary wall retains the larger proteins and blood eells (see 
Chapter 14). In the same way, water and dissolved sub- 
stanees are filtered out of blood in the first step of urine 
formation in the kidney (see Chapter 19). 


See the Student Resources on thePoint® to view an 
animation on osmosis and osmotie pressure. 


MOVEMENT THAT REQUIRES CELLULAR 
ENERGY 

Some materials move aeross the plasma membrane with- 
out depending on a gradient. For instanee, intestinal eells 
import glucose when glucose is more eoneentrated inside 
the eell than outside it. Other substances, such as baeteria 
or complex solutions, are too large or too heterogeneous 
for ehannels or transporters to handle. Cellular energy must 
drive transport in both of these situations. Aetive transport 
uses transporters and ATP to move ions and nutrients, and 
bulk transport uses vesieles and ATP to move large amounts 
of substances at onee. 

Aetive ransport While any method that uses eelhilar 
energy ean be defined as “aetive,” the term aetive trans- 
port usually refers to the movement of solutes against their 
eoneentration gradients using membrane transporters. 
These transporter proteins move speeifie solute partieles 
from an area where they are in relatively lower eoneentra- 
tion to an area where they are in higher eoneentration. This 
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Soliitions and Their Effeets on Cells 




Type of Solution Deseription 


Examples 


Effeet on Cells 


isotonie 


Hypotonie 


Hypertonie 


Has the same eoneentration of 
dissolved substances as the 
fluid in the eell 

Has a lower eoneentration of 
dissolved substances than 
the fluid in the eell 

Has a higher eoneentration of 
dissolved substances than 
the fluid in the eell 


0.9% salt (normal saline); 5% 
glucose (dextrose) 

Less than 0.9% salt or 5% 


Higher than 0.9% salt or 5% 
dextrose 


None; eell in equilibrium with 
its environment 

Cell takes in water, swells, and 
may burst; red blood eell 
undergoes hemolysis 

Cell will lose water and shrink; 
eell undergoes erenation 


movement requires energy just as getting a sled to the top of 
a hill requires energy. Instead of the physieal energy needed 
to push a sled, this proeess uses the ehemieal energy of ATP. 
The nervous system and muscular system, for example, 
depend on the aetive transport of sodium, potassium, and 
calcium ions for proper function. The kidneys also earry out 
aetive transport in regulating the eomposition of urine, and 
the digestive system uses aetive transport to absorb virtually 
all of the nutrients in our ingested food. By means of aetive 
transport, the eell ean take in what it needs from the sur- 
rounding fluids and remove materials from the eell. 

Blllk I ranspor There are several aetive methods for 
moving large quantities of material into or out of the eell. 
These methods are grouped together as bulk transport, 
because of the amounts of material moved. They are also 
referred to as vesicular transport, because small saes, or 
vesieles, are needed for the proeesses. These proeesses are 
grouped aeeording to whether materials are moved into or 
out of the eells, as follows: 

■ Endoeytosis (en-do-si-TO-sis) is a term that deseribes 
the bulk movement of materials into the eell. Some 
examples are 

■ Phagoeytosis (fag-o-si-TO-sis), in which relatively 
large partieles are engulfed by the plasma membrane 
and moved into the eell (Fig. 3-10). (The root pbag/o 
means “to eat.”) Oertain white blood eells earry out 
phagoeytosis to rid the body of foreign material and 
dead eells. Material taken into a eell by phagoeytosis 
is first enelosed in a vesiele made from the plasma 
membrane and is later destroyed by lysosomes. 

■ Pinoeytosis (pi-no-si-TO-sis), in which the plasma 
membrane engulfs droplets of fluid. This is a way 
for large protein molecules in suspension to travel 
into the eell. The word pinoeytosis means “eell 
drinking.” 

■ Reeeptor-mediated endoeytosis, which involves the 
intake of substances using speeifie binding sites, 
or reeeptors, in the plasma membrane. The bound 
material, or ligand (LIG-and), is then drawn into 
the eell by endoeytosis. Some examples of ligands 


are lipoproteins (complexes of eholesterol, other 
lipids, and proteins) and eertain vitamins. 

■ In exocytosis, the eell moves materials out in vesieles 
(Fig. 3-11). One example of exocytosis is the export of 
neurotransmitters from neurons (neurotransmitters are 
ehemieals that eontrol the aetivity of the nervous system). 

All the transport methods deseribed above are summa- 
rized in Table 3-4. 


CASE?0im 



□ 3-4 What proeess moves ehloride aeross the plasma 

membrane down its eoneentration gradient, as 
deseribed in Ben's ease? 


(3 Partiele 



Phagoeytie 

vesiele 


Figure 3-10 


Phagoeytosis/^ KEY POINTThe plasma 


membrane eneloses a partiele from the extracellular fluid.The 
membrane then pinehes off,forming a vesiele that earries the 
partiele into the eytoplasm. ( „ ZOOMING IN What organelle 
would likely help to destroy a partiele taken in by phagoeytosis? 
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stored material 




Extracellu!ar f Euid 


Oytopiasm 


Fusion with 
plasma membrane 




Figure 3-11 


\ -— / 


Exocytosis. ’ _ KEY POINT A vesiele fuses with the plasma membrane 


and then ruptures and releases its eontents. 



Membrane Transport 




Proeess 


Definition 


Example 


Do not require cellular energy (passive) 

Diffusion Random movement of partieles down 

the eoneentration gradient (from 
higher eoneentration to lower 
eoneentration) 

Osmosis Diffusion of water through a 

semipermeable membrane 

Filtration Movement of materials through a 

membrane down a pressure gradient 

Require cellular energy 

Aetive transport (pumps) Movement of materials through 

the plasma membrane against 
the eoneentration gradient using 
transporters 

Movement of large amounts of material 
through the plasma membrane 
using vesieles; also ealled vesicular 
transport 

Transport of bulk amounts of materials 
into the eell using vesieles 


Transport of bulk materials out of the eell 
using vesieles 


Bulk transport 


Endoeytosis 


Exocytosis 


Movement of gases through the 
membrane, ions through an ion 
ehannel, or nutrients via transporters 

Movement of water aeross the plasma 
membrane through aquaporins 

Movement of materials out of the blood 
under the foree of blood pressure 


Transport of ions (e.g., Na + , K + , and Ca 2+ ) in 
neurons 


Phagoeytosis—intake of large partieles, 
as when white blood eells take in 
waste materials; also pinoeytosis 
(intake of fluid), and reeeptor-mediated 
endoeytosis, requiring binding sites in 
the plasma membrane 

Release of neurotransmitters from 
neurons 
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CHECKPOINTS 

3-7 What types of movement through the plasma membrane 
do not direetly require cellular energy, and what types of 


? 


movement do require cellular energyl 

3-8 What term deseribes a fluid that is the same 

eoneentration as the eytoplasm? What type of fluid is less 
eoneentrated? More eoneentrated? 


or DNA. DNA is eomposed of subunits ealled nucleo- 
tides, introduced in Chapter 2 (see Fig. 3-12). A related 
compound, ribonucleic (RI-bo-nu-kle-ik) aeid, or RNA, 
which partieipates in protein synthesis but is not part of 
the ehromosomes, is also eomposed of nucleotides. As 
noted, a nucleotide eontains a sugar, a phosphate, and 
a nitrogen-eontaining base. The sugar and phosphate 
are eonstant in eaeh nucleotide, although DNA has the 
sugar deoxyribose and RNA has the sugar ribose. The 
sugars and phosphates alternate to form a long ehain to 
which the nitrogen bases are attaehed. The five different 
Because proteins play an indispensable part in the body’s nucleotides that appear in DNA and RNA thus differ in 

structure and function, we need to identify the cellular sub- the nature of their nitrogen base. Three of the five nucleo- 

stanees that direet protein production. As noted earlier, the tides are eommon to both DNA and RNA. These are the 

hereditary structures that govern the eell are the ehromo- nucleotides eontaining the nitrogen bases adenine (A), 

somes in the nucleus. Eaeh ehromosome in turn is divided guanine (G), and eytosine (C). However, DNA has one 

into multiple units, ealled genes (Fig. 3-12). It is the genes nucleotide eontaining thymine (T), whereas RNA has one 

that earry the messages for the development of particular eontaining uracil (U). Table 3-5 eompares the structure 

inherited eharaeteristies, such as brown eyes, curly hair, or and function of DNA and RNA. 

blood type, and they do so by direeting protein manufacture 
in the eell. 


Protein Synthesis 


DNA AND PROTEIN SYNTHESIS 

Most of the DNA in the eell is organized into ehromosomes 
within the nucleus (a small amount of DNA is in the mito- 
Genes are distinet segments of the complex organie ehondria loeated in the eytoplasm). Figure 3-12A and B 

ehemieal that makes up the ehromosomes, a substance show a seetion of a ehromosome and ilhistrate that the DNA 


STRUCTURE OF DNA AND RNA 


ealled deoxyribonucleic (de-ok-se-RI-bo-nu-kle-ik) aeid, 


exists as a double strand. Visualizing the eomplete molecule 




B Gene 


A Chromosome 


Phosphate 

unit 


Adenine 


Thymine 




Nitrogen base 


D Nucleotide 


Cytosine Guanine 


Sugar 

unit 


C DNA base pairing 


Figure 3-12 


ehromosomes and DNA. A. A gene is a distinet region of a ehromosome. B. The DNA making up 


genes eonsists of paired nucleic aeid strands twisted into a double helix.C.The two DNA strands are held together by 
bonds between the nitrogen bases of eomplementary nucleotides. D. Eaeh structural unit, or nucleotide, eonsists of a 
phosphate unit and a sugar unit attaehed to a nitrogen base.The sugar unit in DNA is deoxyribose. KEY POINT 
There are four different nucleotides in DNA.Their arrangement"spells out"the genetie instructions that eontrol all 
aetivities of the eell. O ZOOMING INTwo of the DNA nucleotides (A and G) are larger in sizethan the othertwo 
(T and C). How do the nucleotides pair up with regard to size? 
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Comparìson of DNA and RNA 



DNA 


RNA 


Loeation 

Almost entirely in the nucleus 

Almost entirely in the eytoplasm 

Composition 

Nucleotides eontain adenine (A), guanine (G), 
eytosine (C), or thymine (T) 

Sugar: deoxyribose 

Nucleotides eontain adenine (A), guanine (G), 
eytosine (C), or uracil (U) 

Sugar: ribose 

Structure 

Double-stranded helix formed by nucleotide 
pairing A-T; G-C 

Single strand 

Function 

Makes up the ehromosomes, hereditary units 
that eontrol all cellular aetivities; divided into 
genes that earry the nucleotide eodes for the 
manufacture of proteins 

Manufacture proteins aeeording to the eodes 
earried in the DNA; three main types: mRNA, 
rRNA, and tRNA 


as a ladder, the sugar and phosphate units of the nucleotides 
make up the “side rails” of the ladder, and the nitrogen bases 
projeet from the side rails to make up the ladder’s “steps” 
(Fig. 3-12C and D). The two DNA strands are paired very 
speeifieally aeeording to the identity of the nitrogen bases in 
the nucleotides. Adenine (A) always pairs with thymine (T); 
guanine (G) always pairs with eytosine (C). The two strands 
of DNA are held together by weak bonds (hydrogen bonds; 
see Box 2-1). The doubled strands then eoil into a spiral, giv- 
ing DNA the deseriptive name double belix. m Remember tbat 
ebromosomes are eomposed ofDNA, and DNA is eomposed 
of nneleotide snbnnits. 

The message of the DNA that makes up the individual 
genes is actually eontained in the varying pattern of the four 
nucleotides along the strand. Consider the four nucleotides 
as a small alphabet eonsisting of four different letters. 
These “letters” are eombined to make different three-letter 
“words,” or triplets, and eaeh word is the eode for a spe- 
eifie amino aeid (remember that amino aeids are the building 
bloeks of proteins). For instanee, the sequence CCC is the 
eode for the amino aeid glyeine ( fable -6, first and seeond 
columns). Eaeh gene thus eonsists of a string of three-letter 
words that eodes for a string of amino aeids—in other words, 
an entire protein. Remember that all enzymes are proteins, 
and enzymes are essential for all cellular reaetions. DNA is 
thus the eell’s master blueprint. 

In light of observations on cellular diversity, you may won- 
der how different eells in the body ean vary in appearanee and 


function if they all have the same amount and same kind of 
DNA. The answer to this question is that only portions of the 
DNA in a given eell are aetive at any one time. In some eells, 
regions of the DNA ean be switched on and off, under the influ- 
enee of hormones, for example. However, as eells differentiate 
during development and beeome more speeialized, regions of 
the DNA are permanently shut down, leading to the variations 
in the different eell types. Seientists now realize that the eontrol 
of DNA aetion throughout a eell’s life span is a very complex 
matter involving not only the DNA itself but proteins as well. 

ROLE OF RNA IN PROTEIN SYNTHESIS 

A blueprint is only a guide. The information it eontains must be 
interpreted and aeted upon, and RNA is the substance needed 
for these steps. RNA is much like DNA except that it exists 
as a single strand of nucleotides and has uracil (U) instead of 
thymine (T). Thus, when RNA pairs up with another molecule 
of nucleic aeid to manufacture proteins, as explained below, 
adenine (A) bonds with uracil (U) instead of thymine (T). 

A detailed account of protein synthesis is beyond the 
seope of this book, but a highly simplified deseription and 
ilhistrations of the proeess are presented. The proeess begins 
with the eopying of information from DNA to RNA in the 
nucleus, a proeess known as transeription (Fig. 3-13). The 
RNA eopy is ealled messenger RNA (mRNA) because it ear- 
ries the DNA message from the nucleus to the eytoplasm. 
Before transeription begins, the DNA separates into single 



Amino Aeid 




The Genetie Code 


Transeribed DNA Triplet 


mRNA 


tRNA 


Glyeine 

Proline 

Valine 

Phenylalanine 


CCC 

GGG 

CAC 

AAA 


GGG 

CCC 

GUG 

UUU 


CCC 

GGG 

CAC 

AAA 


The nucleotide triplet eode in DNA and RNA Is shown for four amino aeids 












Unit 1 The Body as a Whole 


Cytoplasm 




Figure 3-13 


Transeription. ' KEY POINT In the first step of protein synthesis,the DNA eode is transeribed into 


messenger RNA (mRNA) by nucleotide base pairing. An enlarged view of the nucleic aeids during transeription shows 
how mRNA forms aeeording to the nucleotide pattern of the DNA. Note that adenine (A ,red) in DNA bonds with uracil 
(U, brown) in RNA. 


strands. Then, enzymes assemble a matehing strand of RNA 
along one of the DNA strands by the proeess of mieleotide 
pairing. Information on which strand will be used for tran- 
seription is eontained in the ehromosomes themselves. For 
example, if the DNA strand reads CAC, the eorresponding 


mRNA will read GUG (remember that RNA has U instead 
of T to bond with A) (Table 3-6, third column). When eom- 
plete, this mRNA leaves the nucleus and travels to a ribo- 
some in the eytoplasm (Fig. 3-14). Reeall that ribosomes are 
the site of protein synthesis in the eell. 


Amino aeid 



Transfer RNA 
(tRNA) with 
amino aeid 


Ribosomal RNA 
(rRNA) 


Figure 3-14 


Translation. ' KEY POINT In protein synthesis, messenger RNA (mRNA) travels to the ribosomes 
in the eytoplasm.The information in the mRNA eodes for the building of proteins from amino aeids.Transfer RNA (tRNA) 
molecules bring amino aeids to the ribosomes to build eaeh protein. 
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RNA 




Types 


Function 


Messenger RNA 
(mRNA) 


Ribosomal RNA 
(rRNA) 


Transfer RNA (tRNA) 


Is built on a strand of DNA in 
the nucleus and transeribes 
the nucleotide eode; moves to 
eytoplasm and attaehes to a 
ribosome 

With protein makes up the 
ribosomes, the sites of protein 
synthesis in the eytoplasm; 
involved in the proeess 
of translating the genetie 
message into a protein 

Works with other forms of RNA 
to translate the genetie eode 
into protein; eaeh molecule 
of tRNA earries an amino aeid 
that ean be used to build a 
protein at the ribosome 


Ribosomes are eomposed of an RNA type ealled ribo- 
somal RNA (rRNA) and also protein. At the ribosomes, 
the genetie message now eontained within mRNA is 
deeoded to assemble amino aeids into the long ehains that 
form proteins, a proeess termed translation. This final step 
requires a third RNA type, transfer RNA (tRNA), present 
in the eytoplasm (see Fig. 3-14). Note that both rRNA and 
tRNA are formed by the transeription proeess illustrated in 
Figure 3-13. 

Remember that eaeh amino aeid is eoded by a nucleotide 
triplet. Every tRNA eontains the eomplementary nucleo- 
tides to one of these sequences and earries the eorresponding 
amino aeid ( able 3-6, fourth column). When the mateh- 
ing triplet is present in the mRNA, the tRNA binds to the 
mRNA, and the ribosome adds its amino aeid to the growing 


protein ehain. After the amino aeid ehain is formed, it must 
be eoiled and folded into the proper shape for that protein 
by the endoplasmie reticulum, as discussed above. ifable 3-7 
summarizes information on the different types of RNA. Also 
see Box 3-3, “Proteomies: So Many Proteins, So Few 
Genes.” 


CHECKPOINTS 



□ 3-9 What are the biiilding bloeks of nucleic aeids? 

□ 3-10 What eategory of compounds does DNA eode for in the 

eell? 


3-11 What three types of RNA are aetive in protein synthesis? 


Cell Division 

For growth, repair, and reproduction, eells must multiply 
to inerease their numbers. The eells that form the sex eells 
(egg and sperm) divide by the proeess of meiosis (mi-O-sis), 
which cuts the ehromosome number in half to prepare for 
union of the egg and sperm in fertilization. If not for this 
preliminary reduction, the number of ehromosomes in the 
offspring would eonstantly double. The proeess of meiosis 
is discussed in Chapters 20 and 21. All other body eells, 
known as somatie eells , are formed by a proeess ealled mito- 
sis (mi-TO-sis). In this proeess, eaeh original parent eell 
beeomes two identieal daughter eells. Somatie eells develop 
from aetively dividing eells ealled stem eells , which we will 
discuss in more detail in Chapter 4. 

PREPARATION FOR MITOSIS 

Before mitosis ean occur, the genetie information (DNA) in 
the parent eell must be replieated (doubled), so that eaeh 
of the two new daughter eells will reeeive a eomplete set of 



HOT TOPICS 

Proteomies: So Many Proteins, So Few Genes 


Box 3-3 


To build the many different proteins that 
make up the body, eells rely on instmetions 
eneoded in the genes. Collectively, all the dif- 
ferent genes on all the ehromosomes make up the 
genome.Genes eontain the instmetions for making proteins, and 
proteins perform the body's functions. 

Seientists are now studying the human proteome— 
all the proteins that ean be expressed in a eell—to help 
them understand protein structure and function. Llnlike the 
genome, the proteome ehanges as the eell's aetivities and 
needs ehange. In 2003, after a deeade of intense seientifie 
aetivity, investigators mapped the entire human genome. 
We now realize that it probably eontains no more than 
25,000 genes, far fewer than initially expected. How could 
this relatively small number of genes eode for several million 


proteins? They concluded that genes were not the whole 
story. 

Gene transeription is only the beginning of protein syn- 
thesis. In response to cellular eonditions, enzymes ean snip 
newly transeribed mRNA into several pieees, eaeh of which a 
ribosome ean use to build a different protein. After eaeh pro- 
tein is built,enzymes ean further modify the amino aeid strands 
to produce several more different proteins. Other molecules 
help the newly formed proteins to fold into preeise shapes 
and interaet with eaeh other, resulting in even more variations. 
Thus, while a gene may eode for a speeifie protein, modifiea- 
tions after gene transeription ean produce many more unique 
proteins.There is much left to diseover about the proteome, 
but seientists hope that future researeh will lead to new teeh- 
niques for deteeting and treating disease. 
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ehromosomes. For example, a human eell that divides by 
mitosis must produce two eells with 46 ehromosomes eaeh, 
the same nrnnber of ehromosomes that are present in the 
original parent eell. DNA replieates during interphase, the 
stage in the eell’s life eyele between one mitosis and the next. 
During this phase, DNA uncoils from its double-stranded 
form, and enzymes assemble a matehing strand of nucleo- 
tides for eaeh old strand aeeording to the pattern of A-T, 
G-C pairing. There are now two double-stranded DNA 
molecules, eaeh identieal to the original double helix. The 
two double heliees are held together at a region ealled the een- 
tromere (SEN-tro-mere) until they separate toward the end 
of mitosis. A typieal stem eell lives in interphase for most of 
its life eyele and spends only a relatively short period in mito- 
sis. For example, a eell reproducing every 20 hours spends 
only about one hour in mitosis and the remaining time in 
interphase. Most mature body eells spend their entire lives in 
interphase and never enter mitosis. 


See the Student Resources on thePoint® for a photo- 
mierograph of a replieated ehromosome. 


STAGES OF MITOSIS 

Although mitosis is a continuous proeess, distinet ehanges ean 
be seen in the dividing eell at four stages (Fig. 3-15). 

■ In prophase (PRO-faze), eaeh replieated ehromosome 
winds up tightly and separates from the other replieated 
ehromosomes. The nucleolus and the nuclear membrane 
begin to disappear. In the eytoplasm, the two eentrioles 
move toward opposite ends of the eell, and a spindle- 
shaped structure made of thin fibers begins to form 
between them. 

■ In metaphase (MET-ah-faze), the ehromosomes line up 
aeross the eenter (equator) of the eell attaehed to the 
spindle fibers. 

■ In anaphase (AN-ah-faze), the eentromere splits, and 
the replieated ehromosomes separate and begin to move 
toward opposite ends of the eell. 

■ As mitosis eontimies into telophase (TEL-o-faze), a 
membrane appears around eaeh group of separated 
ehromosomes, forming two new nuclei. 

Also during telophase, the plasma membrane pinehes off 
to divide the eell. The midseetion between the two areas 
beeomes progressively smaller until finally the eell splits into 
two. There are now two new eells, or daughter eells, eaeh 
with exactly the same kind and amount of DNA as was 
present in the parent eell. In just a few types of eells, skeletal 
muscle eells, for example, the eell itself does not divide fol- 
lowing nuclear division. The result, after multiple mitoses, 
is a giant single eell with multiple nuclei. This pattern is 
extremely rare in human eells. 



Centrioles 
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Figiire 3-15 


The stages of mitosis. íj KEY POINT Although 


it is a continuous proeess, mitosis ean be seen in four stages. When 
it is not dividing,the eell is in interphase.The eell shown is for 
illustration only. It is not a human eell, which has 46 ehromosomes. 

, ZOOMING IN If the original eell shown has 46 ehromosomes, 
how many ehromosomes will eaeh new daughter eell have? 
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CHECKPOINTS 



3-12 What must happen to the DNA in a eell before mitosis 
ean occur? During what stage in the eell life eyele does 
this occur? 


3-13 What are the four stages of mitosis? 


See the Student Resources on thePoinf to view the 
animation “The Cell Cycle and Mitosis 


Cell Aging 

As eells multiply throughout life, ehanges occur that may lead 
to their damage and death. Harmful substances known as free 
radieals , produced in the course of normal metabolism, ean 
injure eells unless they are destroyed. Chapter 20 eovers free 
radieals in more detail. Lysosomes may deteriorate as they 
age, releasing enzymes that ean harm the eell. Alteration of the 
genes, or mutation, is a natural occurrence in the proeess of eell 
division and is inereased by exposure to harmful substances 
and radiation in the environment. Mutations sometimes harm 
eells and may lead to eaneer. 


As a person ages, stem eells divide less frequently, and 
mature body eells beeome less aetive. These ehanges slow 
down repair proeesses, which rely on the production of new 
eells and the production of substances from existing eells. A 
bone fracture, for example, takes eonsiderably longer to heal 
in an old person than in a young person. 

One theory on aging holds that eells are prepro- 
grammed to divide only a eertain number of times before 
they die. Support for this idea eomes from the faet that eells 
taken from a young person divide more times when grown 
in the laboratory than do similar eells taken from an older 
individual. This programmed eell death, known as apopto- 
sis (ah-pop-TO-sis), is a natural part of growth and remod- 
eling before birth in the developing embryo. For example, 
apoptosis removes eells from the embryonie limb buds in the 
development of fingers and toes. Apoptosis also is needed in 
repair and remodeling of tissue throughout life. Cells sub- 
jeet to wear and tear regularly undergo apoptosis and are 
replaeed. For example, the eells lining the digestive traet are 
removed and replaeed every two to three days. This U cellu- 
lar suicide” is an orderly, genetieally programmed proeess. 
The U suicide” genes eode for enzymes that destroy the eell 
quickly without damaging nearby eells. Phagoeytes then 
eliminate the dead eells. 


A & P in Aetion Revisíted 


Ben's parents were shoeked when the doetor diag- 
nosed their 1-year-old with CF. Their immediate 
eoneern was, of course, for their son. The doetor 
reassured them that with proper treatment, their son 
couLd Lead a reLativeLy normaL Life for the present and 
that, in the future, new therapies might extend the 
Life span of those with CF and even offer a cure. Fle 
asserted that they were not to bLame for Ben's eondi- 
tion. CF is an inherited disease—Ben's parents eaeh 
earried a defeetive gene in their DNA and both had, 
by ehanee, passed eopies to Ben. As a resuLt, Ben 
was unabLe to synthesize a ehanneL protein found in 
the pLasma membranes of eertain eeLLs. NormaLLy, this 
ehanneL reguLates the movement of ehLoride into the 
eeLL. Because the ehanneLs did not work in Ben's ease, 
ehLoride was trapped outside the eeLLs. The nega- 
tiveLy eharged ehLoride ions attraet positiveLy eharged 
sodium ions normaLLy found in extraceLLuLar fLuid. 


These two ions form the saLt, sodium ehLoride, which 
is Lost in high amounts in the sweat of individuaLs 
with CF. 

AbnormaL ehLoride ehanneL function causes eeLLs 
in many organs to produce thiek, stieky mucus. In the 
Lungs, this mucus causes difficuLty breathing, infLam- 
mation, and frequent baeteriaL infeetions. The thiek 
mucus aLso deereases the abiLity of the Large and smaLL 
intestines to absorb nutrients, resuLting in Low weight 
gain, poor growth, and vitamin defieieneies. This prob- 
Lem is compounded by damage to the panereas, pre- 
venting production of essentiaL digestive enzymes. 

In this ease, we saw that a defeetive pLasma mem- 
brane ehanneL in some of Ben's eeLLs had widespread 
effeets on his whoLe body. In Later ehapters, as you 
Learn about the body's organs, remember that their 
structure and function are eLoseLy reLated to the eondi- 
tion of their eeLLs and tissues. 
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Chapter Wrap-Up 



Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Exocytosis 


Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


aetive transport 

ehromosome 

eytology 

eytoplasm 

diffusion 

DNA 

endoeytosis 


exocytosis 

filtration 

gene 

hemolysis 

hypertonie 

hypotonie 

interphase 


isotonie 

mierometer 

mieroseope 

mitoehondria 

mitosis 

mutation 

nucleus 


organelle 
osmosis 
phagoeytosis 
plasma membrane 
ribosome 

RNA 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Mieroseopes 

eyt/o 

eell 

Cytology is the study of eells. 

mier/o 

small 

Mieroseopes are used to view structures too small to see 
with the naked eye. 

Cell Structure 

bi- 

two 

The lipid bilayer is a double layer of lipid molecules. 

ehrom/o- 

eolor 

Chromosomes are small, threadlike bodies that stain 
darkly with basie dyes. 

end/o- 

in, within 

The endoplasmie reticulum is a membranous network 
within the eytoplasm. 

lys/o 

loosening, dissolving, separating 

Lysosomes are small bodies (organelles) with enzymes 
that dissolve materials ( see also hemolysis). 

-some 

body 

Ribosomes are small bodies in the eytoplasm that help 
make proteins. 

Movement aeross the Plasma Membrane 

ex/o- 

outside, out of, away 

In exocytosis , the eell moves material out from vesieles. 

hem/o 

blood 

Hemolysis is the destruction of red blood eells. 

hyper- 

above, over, excessive 

A hypertonie solution’s eoneentration is higher than that 
of the eytoplasm. 

hypo- 

defieient, below, beneath 

A hypotonie solution’s eoneentration is lower than that of 
the eytoplasm. 

iso- 

same, equal 

An isotonie solution has the same eoneentration as that of 
the eytoplasm. 

phag/o 

to eat, ingest 

In phagoeytosis^ the plasma membrane engulfs large 
partieles and moves them into the eell. 

pin/o 

to drink 

In pinoeytosis , the plasma membrane “drinks” (engulfs) 
droplets of fluid. 

semi- 

partial, half 

A semipermeable membrane lets some molecules pass 
through but not others. 

Cell Division 

ana- 

upward, baek, again 

In the anaphase stage of mitosis, ehromosomes move to 
opposite sides of the eell. 

inter- 

between 

Interphase is the stage between one eell division (mitosis) 
and the next 

meta- 

ehange 

Metaphase is the seeond stage of mitosis when the 
ehromosomes ehange position and line up aeross the 
equator. 

pro- 

before, in front of 

Prophase is the first stage of mitosis. 

tel/o- 

end 

Telophase is the last stage of mitosis. 
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Questions for Study and Revievv 

BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. The part of the eell that regulates what ean enter or leave 

is the_. 

2. The eytosol and organelles make up the_. 

3. If Solution A has more solute and less water than does 

Solution B, then Sohition A is_to Solution B. 


4. Meehanisms that require cellular energy to move 

substances aeross the plasma membrane are ealled_ 

transport meehanisms. 

5. Distinet segments of DNA that eode for speeifie proteins 
are ealled 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


_ 6 . DNA replieation occurs 

_ 7. DNA is tightly wound into ehromosomes 

_ 8 . ehromosomes line up along the eell’s equator 

_ 9. Chromosomes separate and move toward opposite 

ends of the eell 

_ 10. Cell membrane pinehes off, dividing the eell into two 

new daughter eells 

Mnltiple Choice 

_ 11. The nucleus is ealled the eell’s eontrol eenter because 

it eontains the 

a. nucleolus 

b. ehromosomes 
C. eytosol 

d. eilia 

_ 12. Where in the eell does ATP synthesis occur? 

a. endoplasmie reticulum 

b. Golgi apparatus 
C. mitoehondria 
d. nucleus 

_ 13. The movement of solute from a region of high 

eoneentration to one of lower eoneentration is 
ealled_. 

a. diffusion 

b. endoeytosis 
C. exocytosis 
d. osmosis 


a. metaphase 

b. anaphase 
C. telophase 

d. interphase 

e. prophase 


14. A DNA sequence reads: TGAAC. What is its mRNA 
sequence? 

a. ACTTG 

b. ACUUG 
e. CAGGT 
d. CAGGU 

15. Rupture of red blood eells plaeed in a hypotonie 

solution is ealled_. 

a. erenation 

b. hemolysis 

C. permeability 
d. mitosis 
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IINDERSTANDING CONCEPTS 


16. List the eomponents of the plasma membrane, and state a 
fimetion for eaeh. 

17. Compare and eontrast the following cellular eomponents 
and proeesses: 

a. mierovilli and eilia 

b. rough ER and smooth ER 
C. lysosome and peroxisome 

d. endoeytosis and exocytosis 

e. DNA and RNA 

f. ehromosome and gene 


18. List and define five methods by which materials eross 
the plasma membrane. Which of these requires cellular 
energy? 

19. Why is the plasma membrane deseribed as seleetively 
permeable? 

20. What will happen to a body eell plaeed in a 5.0% salt 
solution? In distilled water? 

21. Deseribe the role of eaeh of the following in protein 
synthesis: DNA, nucleotide, RNA, ribosomes, rough ER, 
and Golgi apparatus. 


CONCEPTUAL THINKING 


22. Look at the graph in the One Step at a Time box on 
page 47, and answer these questions. 

a. How many ehildren in the plaeebo group provided data 
at week 24? 

b. When were drug effeets first noted, aeeording to this 
graph? 

C. Give the graph a title (what does it show?) 

23. Kidney failure causes a buildup of waste and water in the 
blood. A procedure ealled hemodialysis removes these 
substances from the blood. During this procedure, the 
patient’s blood passes over a semipermeable membrane 
within the dialysis maehine. Waste and water from the 
blood diffuse aeross the membrane into dialysis fluid on the 
other side. Based on this information, eompare the osmotie 
eoneentration of the blood with that of the dialysis fluid. 


24. CF ean result from a ehange in the CFTR gene 
on ehromosome number 7. This gene eodes for a 
membrane protein that transports ehloride. Deseribe 
the proeess that produces an abnormal membrane 
protein beginning with a ehange in the DNA of the 
CFTR gene. 

25. Changes at the cellular level ean ultimately affeet 
the entire organism. Using Ben’s ease, explain why 
this is so. 


For more questions, see the Learning Aetivities on 

thePoint®- 



CHAPTER 


Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Define stem eeLLs and deseribe their 

roLe in deveLopment and repair of tissue. 

p. 64 

2 ► Name the four main groups of tissues 

and give the Loeation and generaL 
eharaeteristies of eaeh. p. 64 

3 ► Deseribe the differenee between exocrine 

and endoerine gLands, and give exampLes 
of eaeh. p. 66 

4 ► CLassify the different types of eonneetive 

tissue. p. 67 

5 ► Deseribe three types of epitheLiaL 

membranes. p. 72 

6 ► List six types of eonneetive tissue 

membranes. p. 72 

7 ► llsing exampLes from the ease study, 

define histoLogy and expLain the roLe 
of histoLogy in medieaL diagnosis and 
treatment. pp. 63, 76 

8 ► Show how word parts are used to buiLd 

words reLated to tissues, gLands, and 
membranes (see Word Anatomy at the 
end of the ehapter). p. 78 




A & P ìn Aetion Paul’s Case: Sun-Damaged Skin 



ÍÉ 


Wait a minute/' PauL said to his 
refLeetion in the mirror as he 
examined his faee after shaving. 
He had notieed a smaLL noduLe 
to the side of his Left nostriL. 
The Lump was mostLy pink with 
a pearLy white border and pain- 
Less to the touch. I haven't seen 
that before. Probabty just a pimpte, 
or maybe a small eyst, PauL thought. 


aLthough he couLdn't heLp thinking baek 

_ to the many hours he had spent as a kid saiL- 

ing eompetitiveLy at the seashore. I know sun 
exposure ìsn't great for your skin, even danger- 
ous, and I wasn't real careful about wearìng sunscreen. Even 
ifl did, it woutd have washed off anyway white I was saiting, 
he thought. PauL finished his trimming and deeided the Lump 
was probabLy nothing. 

Despite his attempts to forget about the Lump, PauL 
was eoneerned. Over the next severaL days, he showed 
the smaLL, rounded mass to severaL peopLe to get their 
opinions. No one had an answer when he asked, y/ What 


do you think this is?" When severaL weeks produced no 
ehange, except maybe a LittLe depression in the eenter of 
the mass, worry Led him to make an appointment with a 
dermatoLogist. 

"WeLL PauL, I'm not sure. It couLd be nothing, but we'd 
better Look a LittLe eLoser," said Dr. NieLsen. "It couLd be 
benign, meaning it's a simpLe tissue overgrowth that never 
spreads to other tissues. But, we have to be sure that it's not 
a smaLL skin eaneer. This is a very eommon site for squamous 
eeLL eareinomas, which arise from the epitheLiaL portion of 
skin in sun-exposed areas. UV rays from the sun damage 
DNA, causing the eeLLs to divide more rapidLy than normaL. 
We usuaLLy eompLeteLy cure this type of eaneer, because it 
is eommonLy diagnosed before it spreads to other tissues. 
We'LL remove this and send it to the pathoLogy Lab to see 
what's going on." PauL Left Dr. NieLsen's offiee with a smaLL 
bandage over the site of excision, some ointment to appLy, 
and instmetions to eaLL the offiee in three days. 

PauL's dermatoLogist suspects that he may have skin 
eaneer—a disease affeeting the cutaneous membrane. Later 
in the ehapter, we revisit PauL and Learn the finaL diagnosis 
of that Lump on his nose. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Chart: Epithelial Tissue 

► Web Chart: Connective Tissue 

► Health Professions: Histoteehnologist 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 


In Cbapter 3, ive learned about eells and tbeir stmetmes and 
fnnetions. Cells work togetber to form tissnes, wbicb are tbe 
snbjeet oftbis ebapter. We’ll also look fmtber into wben and 
wby eells multiply and disenss eaneer and its treatment. 


T issues are groups of eells similar in structure, arranged 
in a eharaeteristie pattern, and speeialized for the per- 
formanee of speeifie tasks. The tissues in our bodies might 
be eompared with the different materials used to construct a 
building. Think for a moment of the great variety of building 
materials used aeeording to need—wood, stone, steel, plas- 
ter, insulation, and others. All the fimetions of the building 
depend upon the properties and organization of the individ- 
ual building materials. Similarly, an organ’s ability to aeeom- 
plish its fimetions depends on the organization, structure, 
and abilities of its tissues. The study of tissues is known as 
histology (his-TOL-o-je). 


Tissiie Origins 

During development, all tissues derive from young, aetively 
dividing eells known as stem eells (Box 4-1). Most stem eells 
gradually differentiate into the mature, functioning eells that 
make up different body tissues. These mature body eells no 
longer undergo mitosis, but remain in interphase, as deseribed 
in Chapter 3. 

A variable number of stem eells persist in eaeh tissue, 
producing new eells that ean differentiate into mature eells. 
Tissues subject to wear and tear, such as skin and the lin- 
ing of the digestive and respiratory traets, maintain a large 


population of stem eells that continually divide in order to 
replaee lost or damaged eells. These tissues ean repair them- 
selves relatively easily. Other tissues, espeeially nervous tis- 
sue and muscle tissue, maintain few stem eells that divide 
infrequently, so these tissues repair themselves slowly, if at 
all. Brain tissue injured by a stroke or heart muscle tissue 
injured by a heart attaek has limited regenerative ability. 
Between these two extremes are organs, such as the liver, that 
maintain enough stem eells to replaee the entire organ within 
months or years. So, for example, a portion of the liver ean 
be transplanted from one person to another, and the donor’s 
organ will be restored. 

Stem eells give rise to four main tissue groups, as follows: 

■ Epithelial (ep-ih-THE-le-al) tissue eovers surfaces, lines 
eavities, and forms glands. 

■ Connective tissue supports and forms the framework of 
all parts of the body. 

■ Muscle tissue eontraets and produces movement. 

■ Nervous tissue conducts nerve impulses. 

This ehapter eoneentrates mainly on epithelial and eonneetive 
tissues, the less speeialized of the four types. As discussed later 
in the ehapter, epithelial and eonneetive tissues often form thin 
sheets of tissues ealled membranes. Muscle and nervous tissues 
reeeive more attention in later ehapters. 


Epithelial Tissue 

Epithelial tissue, or epithelium (ep-ih-THE-le-um), forms a 
proteetive eovering for the body. It is the main tissue of the 
skin’s outer layer. It also forms membranes, ducts, and the lin- 
ing of body eavities and hollow organs, such as the organs of 
the digestive, respiratory, and urinary traets. 



HOT TOPICS 

Stem Cells: So Much Potential 


Box 4-1 


At least 200 different types of eells are found 
in the human body,each with its own unique 
structure and function. All originate from 
unspecialized precursors ealled stem eells, which 
exhibit two important eharaeteristiesithey ean divide repeatedly 
and have the potential to beeome speeialized eells. 

Stem eells eome in two types. Embryonìe stem eells, 
found in early embryos, are the source of all body eells and 
ean potentially differentiate into any eell type. Adult stem 
cells,found in babies and ehildren as well as adults, are stem 
eells that remain in the body after birth and ean differentiate 
into different eell types. They assist with tissue growth and 
repair. For example, in red bone marrow, these eells differen- 
tiate into blood eells, whereas in the skin, they differentiate 
into new skin eells to replaee eells in surface layers that are 
shed continually or eells that are damaged by a cut, serape, 
or other injury. 


Thepotential healtheareapplieationsof stem eell researeh 
are numerous. In the near future, stem eell transplants may 
be used to repair damaged tissues in treating illnesses such 
as diabetes, eaneer, heart disease, Parkinson disease, and spi- 
nal eord injury.This researeh may also help explain how eells 
develop and why some eells develop abnormally,causing birth 
defeets and eaneer. Seientists may also use stem eells to test 
drugs before trying them on animals and humans. 

But stem eell researeh is eontroversial. Some argue that 
it is unethical to use embryonie stem eells because they are 
obtained from aborted fetuses or fertilized eggs left over from 
in vitro fertilization. Others argue that these eells would be 
disearded anyway and have the potential to improve lives. A 
possible solution is the use of adult stem eells. However, adult 
stem eells are less abundant than are embryonie stem eells 
and laek their potential to differentiate, so more researeh is 
needed to make this a viable option. 





ehapter 4 Tissucs, Glands, and Membranes 65 



C 


Figure 4-1 


Simple epithelial tissues. 



KEY POINT Epithelial tissue ean be deseribed by the shape of its 


eells.A. Simple squamous epithelium has flat,irregular eells with flat nuclei.B. Cuboidal epithelial eells are square in 
shape with round nuclei.C. Columnar epithelial eells are long and narrow with ovoid nuclei. ZOOMING IN In how 
many layers are these epithelial eells? 


Epithelium repairs itself quickly after it is injured. In areas 
of the body subject to normal wear and tear, such as the skin, 
the inside of the mouth, and the lining of the intestinal traet, epi- 
thelial stem eells reproduce frequently, replaeing dead or dam- 
aged eells. Certain areas of the epithelimn that form the outer 
layer of the skin are eapable of modifying themselves for greater 
strength whenever they are subjected to unusual wear and tear; 
the growth of calluses is a good example of this response. 


STRUCTURE OF EPITHELIAL TISSUE 

Epithelial eells are tightly paeked to better proteet underlying 
tissue or form barriers between systems. The eells vary in shape 
and arrangement aeeording to their functions. In shape, the 
eells may be deseribed as follows: 

■ Squamous (SKWA-mus)—flat and irregular 

■ Cuboidal —square 

■ Columnar —long and narrow 

The eells may be arranged in a single layer, in which ease 
the epithelium is deseribed as simple ( ? ig. 4-1). Simple epi- 
thelium functions as a thin barrier through which materials 
ean pass fairly easily. For example, simple epithelium allows 
for absorption of materials from the lining of the digestive 
traet into the blood and allows for passage of oxygen from 
the blood to body tissues. Areas subject to wear and tear that 
require proteetion are eovered with epithelial eells in multiple 
layers, an arrangement deseribed as stratified (Fig. 4-2). If 
the eells are staggered so that they appear to be in multiple 
layers but really are not, they are termed pseudostratified. 

Terms for both shape and arrangement are used to 
deseribe epithelial tissue. Thus, a single layer of flat, irregular 
eells would be deseribed as simple squamous epitbelinm, 
whereas tissue with many layers of these same eells would be 


deseribed as stratified squamous epithelium. m Tbe tbiekness 
of tbe epitbelial tissue determines its proteetive ability. So, 
stratified eolnmnar or enboidal epitbelmm is more proteetive 
tban squamous stratified epitbelium. * 

Some organs, such as the urinary bladder, must vary a 
great deal in size as they work. These organs are lined with 
transitional epithelium, which is eapable of great expansion 
but returns to its original form onee tension is relaxed—as 
when, in this ease, the urinary bladder is emptied. 


c7\SE?oim 



4-1 In the ease study, Paul might have a squamous eell 

eareinoma. Deseribe the shape of the eells that form this 
type of eaneer. 


See the Student Resources on thePoint® for a summary 
ehart on epithelial tissue. 


GLANDS AND SECRETIONS 

Most epithelial tissues produce seeretions, such as mucus 
(MU-kus) (a elear, stieky fluid), digestive juices, sweat, hor- 
mones, and/or other substances. These seeretions are produced 
by speeialized epithelial structures known as glands. A gland is 
an organ or eell speeialized to produce a substance that is sent 
out to other parts of the body. The gland manufactures these 
seeretions from materials removed from the blood. Glands are 
divided into two eategories based on how they release their 
seeretions: exocrine glands and endoerine glands. 

% :: 'The Miseoneeption Alerts featured in every ehapter of this book are 
derived from eommon errors students make in responding to questions in 
PrepU, an online supplemental review program available separately for this 
text. For information on aeeessing prepU, see pp. xviii-xix of the User’s 
Guide at the front of this text. 
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epithelium 



r 



Vagina 



Figure 4-2 


Stratified squamous epithelium. ÍJ KEY POINT Stratifìed epithelium has multiple layers of eells. 


( ZOOMING IN What is the function of stratifìed epithelium? 


Exocrìne Glands Exocrine (EK-so-krin) glands produce 
seeretions that are earried out of the body (reeall that ex/o 
means u outside” or “away from”). The exocrine glands usu- 
ally have ducts or tubes to earry their seeretions away from 
the glands. Their seeretions are delivered into an organ, a 
eavity, or to the body surface and aet in a limited area near 
their sources. Examples of exocrine glands include the glands 
in the stomaeh and intestine that seerete digestive juices, the 
salivary glands, the sweat and sebaceous (oil) glands of the 
skin, and the laerimal glands that produce tears. 

Most exocrine glands are eomposed of multiple eells in 
various arrangements, including tubular, eoiled, or saelike 
formations. Goblet eells, in eontrast, are single-eelled exo- 
erine glands that seerete mucus. Goblet eells are seattered 
among the epithelial eells lining the respiratory and diges- 
tive passageways (Fig. 4-3). As discussed further below, 
the mucus lubricates the passageways and proteets the 
underlying tissue. 


rtdoerine Glands Endoerine (EN-do-krin) glands 

seerete not through ducts but direetly into surrounding 
tissue fluid. Most often the seeretions are then absorbed 
into the bloodstream, which distributes them internally, 
as indieated by the prefix end/o, meaning “within.” These 
seeretions, ealled hormones, have effeets on speeifie tissues 
known as the target tissnes. m Note tbat bormones pass 
tbrongb tbe interstitial flnid before tbey reaeb tbe blood- 
stream. Endoerine glands have an extensive network of 
blood vessels. These so-ealled ductless glands include the 
pituitary, thyroid, adrenal glands, and others deseribed in 
greater detail in Chapter 11. 


CHECKPOINTS 



□ 4-1 What are the three basie shapes of epithelial eells? 

□ 4-2 What are the two eategories of glands based on their 

methods of seeretion? 



Lining of 
traehea 



Goblet 

eells 


Pseudostratified 
columnar epithelium 


Goblet 



Lining of 
intestine 


Simple 
columnar 
epithelium 



B 


Figiire 4-3 


Goblet eells. KEY POINT Goblet eells in epithelium seerete mucus. A.The lining of the traehea 


showing eilia and goblet eells that seerete mucus. B.The lining of the intestine showing goblet eells. 
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Connective Tissue 

The supporting fabrie everywhere in the body is eonneetive 
tissue. This is so extensive and widely distributed that if we 
were able to dissolve all the tissues except eonneetive tissue, 
we would still be able to reeognize the entire body. Connective 
tissue has large amounts of nonliving material between the 
eells. This intercellular background material or matrix 
(MA-trix) eontains varying amounts of water, protein fibers, 
and hard minerals. 

Histologists, speeialists in the study of tissues, have 
numerous ways of elassifying eonneetive tissues based on 
their structure or fimetion. Here, we deseribe the different 
types in order of inereasing hardness. 

■ Circulating eonneetive tissue has a fluid eonsisteney; its 
eells are suspended in a liquid matrix. The two types are 
blood, which circulates in blood vessels (Fig. 4-4), and 
lymph, a fluid derived from blood that circulates in lym- 
phatie vessels. 


■ Loose eonneetive tissue has a soft eonsisteney, similar to 
jelly. 

■ Dense eonneetive tissue eontains many fibers and is quite 
strong, similar to a rope or eanvas fabrie. 

■ Cartilage has a very firm eonsisteney. The gristle at 
the end of a ehieken bone is an example of this tissue 
type. 

■ Bone tissue, the hardest type of eonneetive tissue, is 
solidified by minerals in the matrix. 

Chapters 12 and 15 have more information on circulat- 
ing eonneetive tissue, which is highly speeialized in both eom- 
position and function. The other types of eonneetive tissue 
are discussed in greater detail below. 


See the Student Resources on thePoinf for a summary 
ehart of the eonneetive tissue types. 


Red blood 
eells 


Platelets 


White 
blood eell 



Fat around 
kidneys 


Figure 4-4 


Circulating and loose eonneetive tissue. 



KEY POINT Connective tissue is elassified aeeording 


to its distribution and the eonsisteney of its matrix. A. Blood smear showing various blood eells in a liquid matrix. 

B. Areolar eonneetive tissue, a mixture of eells and fibers in a jelly-like matrix. C. Adipose tissue shown here surrounding 
dark-staining glandular tissue.The mierograph shows areas where fat is stored and nuclei at the edge of the eells. 

, ZOOMING IN Which of these tissues has the most fibers? Which of these tissues is modified for storage? 
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LOOSE CONNECTIVE TISSUE 

As the name implies, loose eonneetive tissue has a soft or semi- 
liquid eonsisteney. There are two types: 

■ Areolar (ah-RE-o-lar) tissue is named from a word that 
means “spaee” because of its open eomposition (see 
Fig. 4-4B). It eontains eells and fibers in a soft, jelly- 
like matrix. The main eell type is the fibroblast, which 
produces the protein fibers and other eomponents of the 
matrix (the word ending -blast refers to a young and 
aetive eell). Fibroblasts produce eollagen (KOL-ah-jen), 
a flexible white protein (see Box 4-2), as well as elastie 
fibers. Areolar tissue forms an important eomponent of 
many tissue membranes (discussed later) and is the most 
eommon type of eonneetive tissue. 

■ Adipose (AD-ih-pose) tissue is primarily eomposed 
of fat eells (adipoeytes) with minimal intercellular 
matrix. Adipoeytes are able to store large amounts of 
fat that serves as a reserve energy supply for the body 
(see Fíg. 4-4C). Adipose tissue underlying the skin 
aets as a heat insulator, and adipose tissue surrounding 
organs and joints provides proteetive padding. 

DENSE CONNECTIVE TISSUE 

Dense eonneetive tissue, like areolar tissue, eontains fibro- 
blasts that synthesize a eollagen-rieh matrix. However, dense 
eonneetive tissue eontains signifieantly more protein fibers, so 
it is stronger, firmer, and more flexible than areolar tissue. The 
different types of dense eonneetive tissue vary in the arrange- 
ment of the eollagen fibers: 

■ Irregular dense eonneetive tissue has mostly collagenous 
fibers in random arrangement. This tissue makes up the 


strong membranes that eover joints and various organs, 
such as the kidney and liver, and strengthen the skin. 

■ Regular dense eonneetive tissue also has mostly eollag- 
enous fibers, but they are in a regular, parallel alignment 
like the strands of a eable. This tissue ean pull in one 
direetion. Examples are the eordlike tendons, which eon- 
neet muscles to bones, and the ligaments, which eonneet 
bones to other bones (Fig. 4-5A). The regular dense 
eonneetive tissue in the walls of blood vessels, the respi- 
ratory passageways, and the voeal eords eontains large 
amounts of elastie fibers. As a result, these structures ean 
streteh and return to their original dimensions. 

CARTILAGE 

Because of its strength and flexibility, eartilage is a struc- 
tural material and provides reinforeement. It is also a shoek 
absorber and a bearing surface that reduces frietion between 
moving parts, as at joints. The eells that produce eartilage are 
ehondroeytes (KON-dro-sites), a name derived from the word 
root ebondro , meaning “eartilage” and the root eyío, meaning 
“eell.” m Stndents frequently confuse ebondroeytes, wbicb are 
eells, and eollagen, wbicb is a protein between tbe eells. There 
are three forms of eartilage: 

■ Hyaline (Hl-ah-lin) eartilage is the tough translucent 
material, popularly ealled gristle, that eovers the ends of 
the long bones (see Fig. 4-5B). You ean feel hyaline ear- 
tilage at the tip of your nose and along the front of your 
throat, where rings of this tissue reinforee the traehea 
(“windpipe”). Hyaline eartilage also reinforees the larynx 
(“voiee box”) at the top of the traehea, and ean be felt 
anteriorly at the top of the throat as the “Adam’s apple.” 

■ Fibroeartilage (fi-bro-KAR-tih-laj) is firm and rigid and 
is found between the vertebrae (segments) of the spine, 



A CLOSER LOOK 


Collagen: The Body’s Seaffolding 


Box 4-2 


The most abundant protein in the body, 
making up about 25% of total protein, is 
eollagen. Its name, derived from a Greek word 
meaning "glue," reveals its role as the main struc- 
tural protein in eonneetive tissue. 

Fibroblasts seerete eollagen molecules into the surround- 
ing matrix, where the molecules are then assembled into 
fibers.These fìbers give the matrix its strength and its flexibil- 
ity. Collagen fibers' high tensile strength makes them stronger 
than steel fìbers of the same size, and their flexibility eonfers 
resilienee on the tissues that eontain them. For example, eolla- 
gen in skin,bone,tendons,and ligaments resists pulling forees, 
whereas eollagen found in joint eartilage and between verte- 
brae resists eompression. Based on amino aeid structure,there 
are at least 19 types of collagen,each of which imparts a differ- 
ent property to the eonneetive tissue eontaining it. 


The arrangement of eollagen fìbers in the matrix reveals 
much about the tissue's function. In the skin and membranes 
eovering rrmseles and organs, eollagen fibers are arranged 
irregularly, with fìbers running in all direetions.The result is a 
tissue that ean resist stretehing forees in many different diree- 
tions. In tendons and ligaments, eollagen fibers have a paral- 
lel arrangement, forming strong ropelike eords that ean resist 
longitudinal pulling forees. In bone tissue, eollagen fibers' 
meshlike arrangement promotes deposition of calcium salts 
into the tissue, which gives bone strength while also providing 
flexibility. 

Collagen's varied properties are also evident in the 
preparation of a gelatin dessert. Gelatin is a eollagen extract 
made by boiling animal bones and other eonneetive tissue. It 
is a viscous liquid in hot water but forms a semisolid gel on 
eooling. 
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Figure 4-5 


Dense eonneetive tissue, eartilage, and bone. 



KEY POINT Fibers are a key eomponent of 


eonneetive tissue. A. Dense irregular eonneetive tissue. B. Dense regular eonneetive tissue. In tendons and ligaments, 
collagenous fìbers are arranged in the same direetion.e. In cartilage,the eells (ehondroeytes) are enelosed in a firm 
matrix. D. Bone is the hardest eonneetive tissue.The eells (osteoeytes) are vvithin the hard matrix. 


at the anterior joint between the pubic bones of the hip, 
and in the knee joint. 

Elastie eartilage ean spring baek into shape after it is 
bent. An easy plaee to feel the properties of elastie ear- 
tilage is in the outer portion of the ear. It is also loeated 
in the larynx. 


BONE 

The tissue that eomposes bones, ealled osseous (OS-e-us) 
tissue, is much like eartilage in its cellular structure (see 
Fig. 4-5C). In faet, the fetal skeleton in the early stages of 
development is made almost entirely of eartilage. This tis- 
sue gradually beeomes impregnated with salts of calcium 
and phosphoms that make bone eharaeteristieally solid and 
hard. The eells that form bone are ealled osteoblasts (OS-te-o- 
blasts), a name that eombines the root for bone ( osteo ) with 
the ending blast. As these eells mature, they are referred to 
as osteoeytes (OS-te-o-sites). Within the osseous tissue are 
nerves and blood vessels. A speeialized type of tissue, the bone 
marrow, is enelosed within bones. The red bone marrow eon- 
tained in eertain regions produces blood eells. Ohapter 7 has 
more information on bones. 


CHECKPOINTS 



4-3 What is the general name for the intercellular material in 
eonneetive tissue? 


4-4 What protein makes up the most abundant fìbers in 
eonneetive tissue? 


□ 4-5 What type of eell eharaeterizes dense eonneetive tissue? 

Cartilage? Bonetissue? 


Muscle Tissue 

Muscle tissue is eapable of producing movement by eontrae- 
tion of its eells, which are ealled nrnsele fibers because most of 
them are long and threadlike. If you were to pull apart a pieee 
of well-cooked meat, you would see small groups of these mus- 
ele fibers. Muscle tissue is usually elassified as follows: 

■ Skeletal muscle, which works with tendons and bones 
to move the body ( dg. 4-6A). This type of tissue is 
deseribed as voluntary muscle because we make it eon- 
traet by conscious thought. The eells in skeletal muscle 
are very large and are remarkable in having multiple 
nuclei and a pattern of dark and light banding deseribed 
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Figure 4-6 


Muscle tissue. (j KEY POINTThere are three types of muscle tissue. A. Skeletal muscle 


eells have bands (striations) and multiple nuclei.B. Cardiac muscle makes up the wall of the heart.e. Smooth 
muscle is found in soft body organs and in vessels. 


as striations. For this reason, skeletal muscle is also 
ealled striated muscle. Chapter 7 has more details on 
skeletal muscles. 

Cardiac muscle, which forms the bulk of the heart wall 
and is known also as myocardium (mi-o-KAR-de-um) 
(see Fig. 4-6B). This muscle produces the regular 
eontraetions known as beartbeats. Cardiac muscle is 
deseribed as invohmtary muscle because it typieally eon- 
traets independently of thought. Most of the time we 
are not aware of its aetions at all. Cardiac muscle has 
branehing eells that form networks. The heart and ear- 
diae muscle are discussed in Chapter 13. 

Smooth muscle is also involuntary muscle (see 
Fig. 4-6C). It forms the walls of the hollow organs 
in the ventral body eavities, including the stomaeh, 
intestines, gallbladder, and urinary bladder. Together 
these organs are known as viseera (VlS-eh-rah), so 
smooth muscle is sometimes referred to as viseeral 
mnsele. Smooth muscle is also found in the walls of 
many tubular structures, such as the blood vessels 
and the tubes that earry urine from the kidneys to 
the bladder. A smooth muscle is also attaehed to the 


base of eaeh body hair. Contraction of these muscles 
causes the eondition of the skin that we eall goose- 
flesb. Smooth muscle eells are of a typieal size and 
taper at eaeh end. They are not striated and have only 
one nucleus per eell. Structures eontaining smooth 
muscle are discussed in the ehapters on the various 
body systems. 

Muscle tissue, like nervous tissue, repairs itself only with dif- 
ficulty or not at all onee a major injury has been sustained. 
When severely injured, muscle tissue is frequently replaeed 
with eonneetive tissue. 


CHECKPOINT i 





□ 4-6 What are the three types of miisele tissue? 


Nervous Tissue 

The human body is made up of countless structures, eaeh 
of which contributes to the aetion of the whole organism. 
This aggregation of structures might be eompared to a 
large eorporation. For all the workers in the eorporation 
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Nervous tissue. A. Brain tissue. B. Cross-section of a nerve. C. A neuron, or nerve eell. 


to eoordinate their efforts, there must be some eentral eon- 
trol, such as the president or CEO. In the body, this eentral 
agent is the brain (Fig. 4-7A). Eaeh body structure is in 
direet communication with the brain by means of its own 
set of “wires,” ealled nerves (see Fig. 4-7B). Nerves from 
even the most remote parts of the body eome together and 
feed into a great trunk eable ealled the spinal eord, which in 
turn leads into the eentral switchboard of the brain. Here, 
messages eome in and orders go out 24 hours a day. Some 
nerves, the eranial nerves, eonneet direetly with the brain 
and do not communicate with the spinal eord. This entire 
eontrol system, including the brain, is made of nervous 
tissue. 

THE NEIIRON 

The basie unit of nervous tissue is the neuron (NU-ron), or 
nerve eell (see Fig. 4-7C). A neuron eonsists of a nerve eell 
body plus small branehes from the eell ealled fibers. These 
fibers earry nerve impulses to and from the eell body. Neurons 
may be quite long; their fibers ean extend for several feet. A 
nerve is a bundle of such nerve eell fibers held together with 
eonneetive tissue (see Fig. 4-7B). 

NELIROGLIA 

Nervous tissue is supported and proteeted by speeialized eells 
known as neuroglia (nu-ROG-le-ah) or glial (GLI-al) eells, 
which are named from the Greek word glia meaning “glue.” 
Some of these eells proteet the brain from harmfiil substances; 


others get rid of foreign organisms and cellular debris; still oth- 
ers form the myelin sheath around axons. They do not, how- 
ever, transmit nerve impulses. 

A more detailed discussion of nervous tissue and the ner- 
vous system appears in Chapters 8 and 9. 



4-7 VVhat is the basie eell of the nervous system,and what is 
its function? 

□ 4-8 VVhat are the nonconducting support eells of the nervous 

system ealled? 

Membranes 

Reeall that membranes are thin sheets of tissue. Their prop- 
erties vary: some are fragile, and others tough; some are 
transparent, and others opaque (i.e., you eannot see through 
them). Membranes may eover a surface, may be a dividing 
partition, may line a hollow organ or body eavity, or may 
anehor an organ. They may eontain eells that seerete lubri- 
eants to ease the movement of organs, such as the heart and 
lung, and the movement of joints. Membranes are elassi- 
fied based on the tissues they eontain. Epithelial membranes 
eontain epithelium and supporting tissues, but eonnee- 
tive tissue membranes eonsist exclusively of eonneetive 
tissue. 
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EPITHELIAL MEMBRANES 

An epithelial membrane is so named because its outer sur- 
faee is made of epithelium. Underneath, however, there is a 
layer of areolar and/or dense irregular eonneetive tissue that 
strengthens the membrane, and in some eases, there is a thin 
layer of smooth muscle under that. Epithelial membranes are 
made of elosely paeked aetive eells that manufacture lubricants 
and proteet the deeper tissues from invasion by mieroorgan- 
isms. Epithelial membranes are of several types: 

■ Serous (SE-rus) membranes line the walls of body eavi- 
ties and are folded baek onto the surface of internal 
organs, forming their outermost layer. 

■ Mucous (MU-kus) membranes line tubes and other 
spaees that open to the outside of the body. 

■ The cutaneous (ku-TA-ne-us) membrane, eommonly 
known as the skin, has an outer layer of stratified squa- 
mous epithelium and an inner layer of dense irregular 
eonneetive tissue. This membrane is complex and is dis- 
cussed in detail in Chapter 5. 

Seroiis Membranes Serous membranes line the elosed 

ventral body eavities and do not eonneet with the outside 
of the body. They seerete a thin, watery lubricant, known 
as serous fluid, that allows organs to move with a minimum 
of frietion. The thin epithelium of serous membranes is a 
smooth, glistening kind of tissue ealled mesothelium (mes- 
o-THE-le-um) overlying areolar tissue. The membrane itself 
may be referred to as the serosa (se-RO-sah). 

There are three serous membranes: 

■ The pleurae (PLU-re), or pleuras (PLU-rahs), line the 
thoraeie eavity and eover eaeh lung. 

■ The serous pericardium (per-ih-KAR-de-um) forms part 
of a sae that eneloses the heart, which is loeated in the 
ehest between the lungs. 

■ The peritoneum (per-ih-to-NE-um) is the largest serous 
membrane. It lines the walls of the abdominal eavity, 
eovers the abdominal organs, and forms supporting and 
proteetive structures within the abdomen (see Fig. 17-2 
in Chapter 17). 


Because internal organs are ealled viseera , the portion 
of the serous membrane attaehed to an organ is the viseeral 
layer. Viseeral pericardium is on the surface of the heart, and 
eaeh lung surface is eovered by viseeral pleura. Portions of 
the peritoneum that eover organs in the abdomen are named 
aeeording to the particular organ involved. The viseeral layer 
in our balloon example is in direet eontaet with your fist. 

A serous membrane’s viseeral and parietal layers nor- 
mally are in direet eontaet with a minimal amount of lubri- 
eant between them. The area between the two layers forms a 
potential spaee. That is, it is possible for a spaee to exist there, 
although normally one does not. Only if substances accumu- 
late between the layers, as when inflammation causes the pro- 
duction of excessive amounts of fluid, is there an actual spaee. 

MUC0US Membranes Mucous membranes are so named 
because they eontain goblet eells that produce mucus. (Note 
that the adjeetive mucous eontains an “o,” whereas the 
noun mucus does not). These membranes form extensive 
continuous linings in the digestive, respiratory, urinary, and 
reproductive systems, all of which are eonneeted with the 
outside of the body. The membranes vary somewhat in both 
structure and function, but they all have an underlying layer 
of areolar tissue known as the lamina propria. The epithe- 
lial eells that line the nasal eavities and the respiratory pas- 
sageways have eilia. The mieroseopie eilia move in waves 
that foree seeretions outward. In this way, foreign partieles, 
such as baeteria, dust, and other impurities trapped in the 
stieky mucus, are prevented from entering the lungs and 
causing harm. Ciliated epithelium is also found in eertain 
tubes of both the male and the female reproductive systems. 

The mucous membranes that line the digestive traet 
have speeial functions. For example, the stomaeh’s mucous 
membrane proteets its deeper tissues from the aetion of 
powerful digestive juices. If for some reason a portion of 
this membrane is injured, these juices begin to digest a part 
of the stomaeh itself—as happens in eases of peptie ulcers. 
Mucous membranes loeated farther along in the digestive 
system are designed to absorb nutrients, which the blood- 
stream then transports to all eells. 

The noun mucosa (mu-KO-sah) refers to the mucous 
membrane of an organ. 


Serous membranes are arranged so that one portion forms 
the lining of a elosed eavity, while another part folds baek 
to eover the surface of the organ eontained in that eavity. 
The relationship between an organ and the serous membrane 
around it ean be visualized by imagining your fist punching 
into a large, soft balloon ( ”ig. 4-8). Your fist is the organ 
and the serous membrane around it is in two layers, one 
against your fist and one folded baek to form an outer layer. 
Although in two layers, eaeh serous membrane is continuous. 

The portion of the serous membrane attaehed to the wall 
of a eavity or sae is known as the parietal (pah-RI-eh-tal) 
layer; the word parietal refers to a wall. In the example above, 
the parietal layer is represented by the outermost layer of the 
balloon. Parietal pleura lines the thoraeie (ehest) eavity, and 
parietal pericardium lines the fibrous sae (the fibrous periear- 
dium) that eneloses the heart (see Fig. 4-8B). 


C7\SEP0MT 




4-2 What type of epithelial membrane was involved in Paul's 
ease study? 


CONNECTIVE TISSLIE MEMBRANES 

The following list is an overview of membranes that eonsist 
of eonneetive tissue with no epithelium. These membranes are 
deseribed in greater detail in later ehapters. 

■ Synovial (sin-O-ve-al) membranes are thin layers of 
areolar tissue that line the joint eavities. They seerete a 
lubricating fluid that reduces frietion between the ends 
of bones, thus permitting free movement of the joints. 
Synovial membranes also line small cushioning saes near 
the joints ealled bursae (BUR-se). 
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Organization of serous membranes. KEY POINT A serous membrane 


that eneloses an organ has a viseeral and a parietal layer. A. An organ fìts into a serous 
membrane like a fist punching into a soft balloon. B.The outer layer of a serous membrane 
is the parietal layer.The inner layer is the viseeral layer.The fibrous pericardium reinforees the 
serous pericardium around the heart.The pleura is the serous membrane around the lungs. 


■ The meninges (men-IN-jeze) are several membranoiis 
layers eovering the brain and the spinal eord. 

Faseia (FASH-e-ah) refers to fibrous bands or sheets that 
support organs and hold them in plaee. Faseia is found in 
two regions: 

■ Superficial faseia is the continuous sheet of tissue that 
underlies the skin. Composed of areolar and adipose 
tissue, this membrane insulates the body and cushions 
the skin. This tissue is also ealled subcutaneous faseia 
because it is loeated beneath the skin. 


■ Deep faseia eovers, separates, and proteets skeletal mus- 
eles, nerves, and blood vessels. It eonsists of dense eon- 
neetive tissue. 

Finally, there are membranes whose names all start with the 
prefix peri because they are around organs. These tough, pro- 
teetive eoverings are made of dense irregular eonneetive tissue. 

■ The fibrous pericardium (per-e-KAR-de-um) forms the 
eavity that eneloses the heart, the perieardial eavity. 
This fibrous sae and the serous perieardial membranes 
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Box 4-3 


The Histology Ohallenge 

ln the ease study opening this ehapter, 
Paul's skin eaneer was diagnosed by his- 
tology —the mieroseopie examination of tissue. Histology 
relies on elose observation and a systematie approaeh, skills 
that will faeilitate many aspeets of learning anatomy and 
physiology.The histology of skin will be discussed in detail in 
Chapter 5, so we have ehosen a mystery structure (below) to 
analyze.We've used a table to summarize our observations. 








Step 2. Write your overall impression of eaeh tissue. Don't 
be afraid to say "It looks like...." Loose eonneetive tissue looks 
like a mish mash of eells and fibers; dense bone tissue is orga- 
nized in rings; the endoerine eells of the panereas look like 
islands in a sea of different-appearing eells; kidney tissue has 
areas that look like filled balls. 

Step 3. Look at the nuclei for shape and spaeing. For exam- 
ple, nuclei are segmented in eertain red blood eells, elose 
together in epithelium, rrmltiple in skeletal muscle eells, and 
farapart in eonneetive tissue. 

c|, V ^ T r /'■ Step 4. Look at the shape and arrangement of the eells: 

^jé^- ^ | jjJ flat,cuboidal,orcolumnarin epithelial eells;spindleshaped in 

---- " Vfk muscle eells; in clusters, as in the islet eells of the panereas; or 

__ _ ___, in tubules,as in much of the kidney.See if the eells are densely 

t paeked, as in epithelial tissue or far apart as are the white eells 

in blood or the eells in bone tissue. The plasma membranes 
--- separating eells may not be visible,butthe arrangement ofthe 
0 nuclei ean provide some clues. 

Step 5. Look for surface features, such as mierovilli in the 
eells lining the intestine, eilia in the eells lining the respiratory 
passageways, or flagella in sperm eells. 

Step 6. Examine the appearanee of the material between 
the eells (the matrix). Is it loosely or tightly paeked? Are there 
visible thin or thiek fìbers? 

Step 7. Identify the tissue. Based on your observations, elas- 
sify the tissue as speeifìeally as possible. 

Step 8. Hypothesize about function. Cilia produce currents 
in fluid; epithelial eells line body surfaces and eavities; eonnee- 
tive tissues serve various structural roles. 

Step 9. If possible, identify the loeation. Where in the body 
doyou have a tube,lined with eilia and fluid,supported by ear- 
tilage?The traehea! 



« 


I 




i 


Step 1. Divide the image into different tissues. Remember 
that eaeh tissue eonsists of similar eells. So, divide your image 
into different regions based on appearanee. This image eon- 
tains at least three different tissues—we used dotted lines to 
separate them. Focus on architecture rather than eolor, as tis- 
sues may be stained with different dyes for examination. 



Tissue A 

Tissue B 

Tissue C 

Overall impression 

Fringed earpet 

Mish mash 

Cell islands in a sea of pink 

Nuclei 

Round, elose together, at 
different levels 

Flattened and separated 

Small, round, and widely separated 

Cells 

Tall and thin; tightly paeked; 
eontain goblet eells (arrows) 

Thin,somewhat regular 
spaeing 

Small eells in spaees 

Surface features 

Cilia 

None 

None 

Matrix 

None 

Fibrous 

Very homogeneous appearanee 

identifìeation 

Pseudostratified eiliated 
epithelium 

Dense regular eonneetive 
tissue 

Cartilage 

Function 

Lines and proteets a body struc- 
ture; produces currents in a fluid 

Reinforeement or support 

Support 
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deseribed above are often deseribed together as the 
pericardium (see Fig. 4-8B). 

■ The periosteiim (per-e-OS-te-um) is the membrane eov- 
ering a bone. 

■ The perichondrium (per-e-KON-dre-um) is the mem- 
brane eovering eartilage. 

Now that our discussion of tissues is eomplete, try analyz- 
ing histology images elsewhere in the textbook and on the 
Internet. Box 4-3, “The Histology Challenge”, ean help get 
you started. 


CHECKPOINTS 



□ 4-9 What are the three types of epithelial membranes? 

□ 4-10 What is the differenee between a parietal and a viseeral 

serous membrane? 

4-11 What is fascia,and where is it loeated? 


See the Student Resources on thePoint® for informa- 
tion on eareers in histoteehnology—the laboratory 
study of tissues. 


Tissues and Aging 

With aging, eonneetive tissues lose elastieity, and eol- 
lagen beeomes less flexible. These ehanges affeet the skin 
most notieeably, but internal ehanges occur as well. The 



Figure 4-9 


Atrophy of the brain. ÍJ KEY POINT Brain 


tissue has thinned, and large spaees appear between seetions of 
tissue,espeeially in the frontal lobe. 


blood vessels, for example, have a reduced eapaeity to 
expand. Less blood supply, lower metabolism, and deeline 
in hormone levels slow the healing proeess. Tendons and 
ligaments streteh, causing a stooped posture and joint 
instability. Bones may lose calcium salts, beeoming brittle 
and prone to fracture. With age, muscles and other tissues 
waste from loss of eells, a proeess termed atropby (AT-ro-fe) 
(Fig. 4-9). Changes that apply to speeifie organs and sys- 
tems are deseribed in later ehapters. 
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A & P in Aetion Revisíted 


Squamous Cell Careinoma 

Paul was edgy during the three days before he tele- 
phoned the dermatologist's offiee. What if I have skin 
eaneer? Even if it's treatable, I may have a sear—and 
rìght smaek in the eenter of my faee! Finally, he made 
the eall and learned from Dr. Nielsen that he did indeed 
have a small squamous eeLl eareinoma. 

"I reeommend that you consult Dr. Morris, a LoeaL 
surgeon who speeiaLizes in a procedure that guarantees 
the removaL of aU abnormaL eeLLs," the dermatoLogist 
advised. "Mohs surgery is done in stages, with the sur- 
geon first removing just the visibLe Lesion and then 
eheeking mieroseopieaLLy to be sure that the margins 
of the excised tissue are free of cancerous eeLLs. If not, 
additionaL tissue is removed by degrees untiL the mar- 
gins are dean." 

FortunateLy, Dr. Morris had to repeatthe procedure 
onLy onee after the first pathoLogy examination to be 
sure of success. PauL Left reassured after severaL hours. 
Dr. Morris was eonfident that PauL was safe from the 
eaneer and that searring wouLd be minimaL. "Let's make 


an appointment for a foLLow-up visit when I'LL remove 
the stitehes and you ean see for yourseLf," he said. 

That evening PauL deseribed his day to his wife 
and toLd her about his additionaL instructions. "I need 
to see my reguLar dermatoLogist every six months now, 
as I may be prone to these types of eareinomas." PauL 
ean't undo earLier damage, but he ean prevent further 
insuLt to his skin by wearing sunscreen outdoors and 
reappLying it often. The doetor aLso advised him to 
eover up in the sun and avoid times of high sun inten- 
sity. "Come to think of it," PauL said to his wife, "that's 
good adviee for you too!" 

In this ease, we saw the cancer-causing effeet of 
sun damage on skin tissue. PauL was fortunate in that 
he saw his physieian promptLy and avoided the spread 
of the abnormaL eeLLs into other regions of the skin or 
into other tissues. Cancer eeLLs disrupt homeostasis by 
interfering with the structure and function of the host 
tissue. The seienee of histoLogy was important in the 
diagnosis and treatment of his disorder. 
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CH APTER 



Chapter Wrap-Up 


Summary Overvievv 

A detailed ehapter outline with spaee for note taking is available on tbePoint. The figure below illustrates the 
main topies eovered in this ehapter. 





-Squamous 
-Cuboidal 
-Columnar 
L Pseudostratified 


- Exocrine 
*- Endoerine 





Connective 

tissue 


Serous L_ 

Mucous 

Cutaneous 


- Synovial 

- Meninges 

- Faseia 

-Organ eoverings 


Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


adipose 

epithelium 

membrane 

parietal 

areolar 

exocrine 

mucosa 

serosa 

eartilage 

faseia 

mucus 

stem eell 

ehondroeyte 

fibroblast 

neuroglia 

viseeral 

eollagen 

histology 

neuron 


endoerine 

matrix 

osteoeyte 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

hist/o 

tissue 

Histology is the study of tissues. 

Epithelial Tissne 

epi- 

on, upon 

Epithelial tissue eovers body surfaces. 

pseud/o- 

false 

Psendostratified epithelium appears to be in multiple layers but 
is not. 

Connective Tissne 

blast/o 

immature eell, early stage of eell 

A fibroblast is a eell that produces fibers. 

ehondr/o 

eartilage 

A ehondroeyte is a eartilage eell. 

oss, osse/o 

bone, bone tissue 

Osseons tissue is bone tissue. 

oste/o 

bone, bone tissue 

An osteoeyte is a mature bone eell. 

Mnsele Tissne 

eardi/o 

heart 

The myoeardinm is the heart muscle. 

my/o 

muscle 

See preeeding example. 

Nervons Tissne 

neur/o 

nerve, nerve system 

A nemon is a nerve eell. 

Membranes 

arthr/o 

joint 

Arthritis is inflammation of a joint. 

peri- 

around 

The peritoneum wraps around the abdominal organs. 

pleur/o 

side, rib 

The plemae are membranes that line the ehest eavity. 


Questions for Study and Revfevv 

BLÍILDING LINDERSTANDING 

Fill in the Blanks 

3. Tissue that supports and forms the framework of the 

body is ealled_tissue. 

4. Skeletal muscle is also deseribed as_muscle. 

5. Nervous tissue is supported by speeialized eells known 
as 


1. A group of similar eells arranged in a eharaeteristie 

pattern is ealled a(n)_. 

2. Glands that seerete their products direetly into the blood 

are ealled_glands. 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . Membrane around the heart 

7. Membrane around eaeh lung 

8 . Membrane around bone 

9. Membrane around eartilage 

10. Membrane around abdominal organs 


a. perichondrium 

b. pericardium 
C. peritoneum 

d. periosteum 

e. pleura 
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Mnltiple Choice 

_ 11. You look under the mieroseope and see tissue 

eomposed of a single layer of long and narrow eells. 
What is it? 

a. simple cuboidal epithelium 

b. simple columnar epithelium 
C. stratified cuboidal epithelium 
d. stratified columnar epithelium 

_ 12. What tissue forms tendons and ligaments? 

a. areolar eonneetive tissue 

b. loose eonneetive tissue 

C. regular, dense eonneetive tissue 
d. eartilage 


(JNDERSTANDING CONCEPTS 

16. Define stem eells, and explain how stem eells function in 
healing. 

17. Explain how epithelium is elassified, and discuss at least 
three functions of this tissue type. 

18. Compare the structure and function of exocrine and 
endoerine glands, and give two examples of eaeh type. 

19. Put the following terms in a logieal order: eartilage— 
dense eonneetive tissue—circulating eonneetive tissue— 
bone—loose eonneetive tissue. 

CONCEPTUAL THINKING 

23. Prolonged exposure to eigarette smoke causes damage to 
eiliated epithelium that lines portions of the respiratory 
traet. Discuss the implieations of this damage. 

24. The hereditary disease, osteogenesis imperfeeta, is 
eharaeterized by abnormal eollagen fiber synthesis. 

Which tissue type would be most affeeted by this 
disorder? List some possible symptoms of this disease. 


13. Which tissue is eomposed of long striated eells with 
multiple nuclei? 

a. smooth muscle 

b. eardiae muscle 
C. skeletal muscle 
d. nervous tissue 

14. A bundle of nerve eell fibers held together with 
eonneetive tissue is a(n) 

a. dendrite 

b. axon 
C. nerve 

d. neuroglia 

15. Which membrane is formed from eonneetive tissue? 

a. cutaneous 

b. mucous 
C. serous 
d. faseia 


20. Compare and eontrast the three different types of muscle 
tissue. 

21. Compare serous and mucous membranes. 

22. Referring to the Disseetion Atlas in Appendix 3: 

a. list the figure(s) in which nervous tissue is shown. 

b. list the figure(s) in which eardiae muscle is shown. 


25. In Paul’s ease, sun damage caused eaneer in the skin’s 
epithelial tissue. Why is this tissue more likely to beeome 
cancerous than, for example, muscle tissue? 


For more questions, see the Learning Aetivities on 

thePoinf. 












CHAPTER 


The Integiimentary System 



Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Name and deseribe the Layers of the 

skin. p. 82 

2 ► Deseribe the subcutaneous Layer. p. 84 

3 ► Give the Loeations and functions 

of the aeeessory structures of the 
integumentary system. p. 84 

4 ► List the main functions of the 

integumentary system. p. 86 

5 ► Discuss the faetors that contribute to 

skin eoLor. p. 88 

6 ► Cite the steps in repair of skin wounds 

and the faetors that affeet heaLing. 

p. 88 

7 ► Deseribe how the skin ehanges with age. 

p. 89 

8 ► llsing information in the ease study and 

the text, expLain how a burn dismpts 
skin function. pp. 81, 89 

9 ► Show how word parts are used to buiLd 

words reLated to the integumentary 
system (see Word Anatomy at the end of 
the ehapter). p. 91 









A & P ìn Aetion: Hazel’s Deep Burn 


íi 



Grandma, 


I'm 


here! 


n 


Tiffany 


announced as she waLked into her 
grandmother's farm kitehen. It was 
time for their fall ritual of eanning 
tomatoes and making diLL piekLes. 
Tiffany had just started her nursing 
degree, and was gLad to get away 
from studying and dasses to spend 
time with her grandmother, 75-year- 
oLd HazeL. HazeL's tomato pLants had 
produced a bountifuL yieLd, so it took 
aLL morning to harvest the fruit. 

WhiLe Tiffany prepared the 
tomatoes, HazeL steriLized the jars 
by immersing them into the hot water bath in the eanner. As 
she used the speeiaL tongs to Lift out the jars, one sLipped 
and spLashed the steaming water direetLy onto her forearm 
and hand. "BLast it!" HazeL excLaimed, and hurried to the 
sink to eooL her arm under running water. Tiffany raeed over, 
and saw that HazeL's skin was reddened and bListers were 
aLready visibLe on her forearm. 

"Grandma, those bListers mean that your burn is pretty 
deep. We better get you to the urgent eare eLinie", Tiffany said. 


"Just Let me get some painkiLLers" HazeL repLied. "It 
hurts aLready, so I think you better drive." 

At the eLinie, Dr. Stanford took a history of the event 
and examined the damaged tissue. "You were smart to 
eome in now," Dr. Stanford toLd HazeL and Tiffany as he 
appLied an antimierobiaL eream to the burned areas. "The 
most serious burn is this bListered area on your forearm. 
It invoLves the top Layer of skin, eaLLed the epidermis, and 
portions of the next Layer, the dermis. The faet that the 
area hurts is actuaLLy a good sign, because it means that 
the nerve suppLy to the skin wasn't destroyed. The other 
burns aren't as serious, but there is stiLL damage to the epi- 
dermis. infeetions are the main eompLieation in this situ- 
ation. You wiLL have to be meticuLous in keeping the area 
eLean. I aLso want you to appLy this antimierobiaL eream 
daiLy, and keep the area eovered with a steriLe dressing. You 
wiLL be in pain for a whiLe, so I'LL give you a preseription 
for painkiLLers." 

The body's first Line of defense, intaet skin, was eom- 
promised when HazeL suffered these burns. In this ehapter, 
we wiLL Learn the functions of the skin and the importanee of 
this proteetive barrier. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES 7ìt-7ì-Qlance 

Visit hePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Chart: Skin Structure 

► Web Chart: Aeeessory Skin Structures 

► Animation: Wound Healing 

► Health Professions: Registered Nurse 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 


Tbe skin is introdneed in Cbapter 4 as one of tbe epitbelial 
membranes, tbe entaneons (ku-TA-ne-us) membrane, overly- 
ing a eonneetive tissne membrane, tbe snperfieial faseia. In 
tbis ebapter, ive deseribe tbe skin in mucb greater detail as it 
forms tbe major portion of tbe integnmentary system. 



lthough the skin may be viewed simply as a membrane 
enveloping the body, it is far more complex than are the 
other epithelial membranes previously deseribed. The skin is 
assoeiated with aeeessory structures, also known as appendag- 
es, which include glands, hair, and nails. Together with blood 
vessels, nerves, and sensory organs, the skin and its assoeiated 
structures form the integumentary (in-teg-u-MEN-tar-e) sys- 
tem. This name is from the word integument (in-TEG-u-ment), 
which means “eovering,” but the skin has many functions and 
refleets an individual’s health and emotional state. 


See the Student Resources on thePoinf for a summary 
ehart of skin structure. 


Structure of the Skin 

Reeall from Chapter 4 that the skin, or cutaneous membrane, 
is an epithelial membrane. Like all epithelial membranes, it 
eontains an outer layer of epithelium and an inner layer of eon- 
neetive tissue (Fig. 5-1): 

■ The epidermis (ep-ih-DER-mis), the outermost portion, 
which itself is subdivided into thin layers ealled strata 
(STRA-tah) (sing. stratum). The epidermis is eomposed 
entirely of epithelial eells and eontains no blood vessels. 

■ The dermis, which is the eonneetive tissue portion of 
the cutaneous membrane, eontains many blood vessels, 
nerve endings, and glands. 

Figure 5-2 is a photograph of the skin as seen through a 
mieroseope showing the layers and some aeeessory structures. 



Nerve endin 


Pore (opening 
of sweat gland) 


Artery 

Nerve 


Adipose Hair folliele Arreetor pili 
tissue muscle 


Hair 


Stratum corneum 


Epidermis 


Skin< 


Dermis -< 


Touch reeeptor 
(Meissner corpuscle) 


Stratum basale 
(stem eell layer) 


Dermal papilla 


Sebaceous 
(oil) gland 


Subcutaneous < 
layer 


Pressure reeeptor 
(Paeinian corpuscle) 


Sudoriferous 
(sweat) gland 


Figure 5-1 


Cross-section of the skin. ' KEY POINTThe dermis and epidermis make up the skin.The skin and its assoeiated structures 


make up the integumentary system. 
beneath the skin? 



ZOOMING IN How is the epidermis supplied with oxygen and nutrients? What tissue is loeated 
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Hair folliele 


Sebaceous gland 


Epidermis { 


Dermis < 


Subcutaneous 
adipose tissue 



Sweat gland 


Figure 5-2 


Mieroseopie view of thin skin. Tissue layers and 


some aeeessory structures are labeled. 


Keratin in 
stratum corneum 



Stratum basale 


Figure 5-3 


Upper portion of the skin. KEY POINT 


Layers of keratin in the stratum corneum are visible at the surface. 
Below are layers of stratified squamous epithelium making up the 
remainder of the epidermis. 


EPIDERMIS 

The epidermis is the skin’s surface portion, the outermost eells 
of which are eonstantly lost through wear and tear. Because 
there are no blood vessels in the epidermis, the eells must be 
nourished by eapillaries in the underlying dermis. New epi- 
dermal eells are produced from stem eells in the deepest 
layer, which is elosest to the dermis. The eells in this layer, the 
stratum basale (bas-A-le), or stratvim germinativum (jer-min- 
a-TI-vum), are eonstantly dividing and producing new eells, 
which are then pushed upward toward the skin surface. As 
the epidermal eells die from the gradual loss of nourishment, 
they undergo ehanges. Mainly, their eytoplasm is replaeed by 
large amounts of a protein ealled keratin (KER-ah-tin), which 
thiekens and proteets the skin ( 'ig. 5-3). 

By the time epidermal eells approaeh the surface, they 
have beeome flat and keratinized, or eornified, forming the 
uppermost layer of the epidermis, the stratum corneum 


(KOR-ne-um). The stratum corneum is a proteetive layer and 
is more prominent in thiek skin than in thin skin. Cells at the 
surface are eonstantly being lost and replaeed from below, 
a proeess that gets rid of accumulated environmental toxins 
and mierobes. Although this proeess of exfoliation (eks-fo-le- 
A-shun) occurs naturally at all times, many eosmeties eom- 
panies sell products to promote exfoliation, presumably to 
“enliven” and “refresh” the skin. 

Between the stratum basale and the stratum corneum are 
additional layers of stratified epithelium that vary in number and 
quantity depending on the skin’s thiekness. Some plaees, such 
as the soles of the feet and the palms of the hands, are eovered 
with very thiek, hairless skin, such as illustrated in -igure 5-3. 
Other regions, such as the eyelids, are eovered with very 
thin and delieate layers. Box 5-1 deseribes the structural and 
functional differenees between thiek and thin skin. Like the 
epidermis, the dermis varies in thiekness in different areas. 



A CLOSER LOOK 


Thiek and Thin Skin: Getting a Grip on Their Differenees 


Box 5-1 


The skin is the largest organ in the body, 
weighing about 4 kg. Though it appears uni- 
form in structure and function, its thiekness in 
faet varies. Many of the functional differenees 
between skin regions refleet the thiekness of the epidermis and 
not the skin's overall thiekness. Based on epidermal thiekness, 
skin ean be eategorized as thiek (about 1 mm deep) or thin 
(about0.1 mm deep). 

Areas of the body exposed to signifìeant frietion (the 
palms, fìngertips, and bottoms of the feet and toes) are eov- 
ered with thiekskin. It is eomposed of a thickstratum corneum 
and an extra layer not found in thin skin, the stratum lucidum, 
both of which make thiek skin resistant to abrasion. Thiek skin 
is also eharaeterized by epidermal ridges (e.g., fìngerprints) 
and numerous sweat glands, but laeks hair and sebaceous (oil) 


glands. These adaptations make the thiek skin eovering the 
hands and feet effeetive for grasping or gripping. The dermis 
of thiek skin also eontains many sensory reeeptors, giving the 
hands and feet a superior sense of touch. 

Thin skin eovers body areas not exposed to much frie- 
tion. It has a very thin stratum corneum and laeks a distinet 
stratum lucidum. Though thin skin laeks epidermal ridges and 
has fewer sensory reeeptors than does thiek skin, it has sev- 
eral speeializations that thiek skin does not. Most thin skin is 
eovered with hair, which may help prevent heat loss from the 
body. In faet, hair is most densely distributed in skin that eov- 
ers regions of great heat loss—the head, axillae (armpits), and 
groin. Thin skin also eontains numerous sebaceous glands, 
making it supple and free of eraeks that might let infectious 
organisms enter. 
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Some eells in the deepest layer of the epidermis produce 
melanin (MEL-ah-nin), a dark pigment that eolors the skin 
and proteets it from sunlight’s harmful rays. The eells that 
produce this pigment are the melanoeytes (MEL-ah-no-sites). 
Irregular patehes of melanin are ealled freekles. 

DERMIS 

The dermis has a framework of dense irregular eonneetive 
tissue and is well supplied with blood vessels and nerves. It 
is ealled the “true skin” because it earries out the skin’s vital 
functions. Because of dermal elastieity, the skin ean streteh, 
even dramatieally as in pregnaney, with little damage. Most 
of the skin’s aeeessory structures, including the sweat glands, 
the oil glands, and the hair, are loeated in the dermis and may 
extend into the subcutaneous layer under the skin. 

Portions of the dermis extend upward into the epider- 
mis, allowing blood vessels to get eloser to the superficial 
eells (see Fig. 5-1). These extensions, or dermal papillae, 
ean be seen on the surface of thiek skin, such as at the tips 
of the fingers and toes. Here they form a distinet pattern 
of ridges that help to prevent slipping, as when grasping 
an objeet. The unchanging patterns of the ridges are deter- 
mined by heredity. Because they are unique to eaeh person, 
fingerprints and footprints ean be used for identifieation. 


C7\SEP0imS 



5-1 Name the skin layers involved in Hazel's forearm burn 
and in her hand burn. 


5-2 Which skin layer will produce new eells to replaee Hazel's 
damaged epidermis? 


SUBCUTANEOUS LAYER 

The skin rests on a eonneetive tissue membrane, the subcuta- 
neous (sub-ku-TA-ne-us) layer, sometimes referred to as the 
hypodermis or the superficial faseia (see Fig. 5- ). This layer 
eonneets the skin to the deep faseia eovering the underlying 
muscles. It eonsists of areolar eonneetive tissue and variable 
amounts of adipose (fat) tissue. The fat serves as insulation and 
as a reserve energy supply. Continuous bundles of elastie fibers 
eonneet the subcutaneous tissue with the dermis, so there is no 
elear boundary between the two. 

The blood vessels that supply the skin with nutrients and 
oxygen and help to regulate body temperature run through 
the subcutaneous layer and send branehes into the dermis. 
This tissue is also rieh in nerves and nerve endings, including 
those that supply nerve impulses to and from the dermis and 
epidermis. The thiekness of the subcutaneous layer varies in 
different parts of the body; it is thinnest on the eyelids and 
thiekest on the abdomen. 


CHECKPOINTS 



5-1 VVhat is the name of the system that eomprises the skin 
and all its assoeiated structures? 


5-2 Moving from the siiperfìeial to the deeper layer, what are 
the names of the two layers of the skin? 

5-3 VVhat is the eomposition of the subcutaneous layer? 


Aeeessory Structures of 
the Skin 

The integumentary system includes some structures assoei- 
ated with the skin—glands, hair, and nails—that proteet the 
skin and serve other functions. 


See the Student Resources on thePoint® for a ehart 
summarizing the skin's aeeessory structures. 


SEBACEOUS (OIL) GLANDS 

The sebaceous (se-BA-shus) glands are saelike in structure, and 
their oily seeretion, sebum (SE-bum), lubricates the skin and 
hair and prevents drying. The ducts of the sebaceous glands 
open into the hair follieles ( Fig. 5-4A). 

Babies are born with a eovering produced by these 
glands that resembles eream eheese; this seeretion is 
ealled the vernix easeosa (VER-niks ka-se-O-sah), which 
literally means “eheesy varnish.” Modified sebaceous 
glands, meibomian (mi-BO-me-an) glands, are assoeiated 
with the eyelashes and produce a seeretion that lubricates 
the eyes. 


SUD0RIFER0US (SWEAT) GLANDS 

The sudoriferous (su-do-RIF-er-us) glands, or sweat glands, 
are eoiled, tubelike structures loeated in the dermis and the 
subcutaneous tissue (see Fig. 5-4B). 

Most of the sudoriferous glands function to eool the 
body. They release sweat, or perspiration, that draws heat 
from the skin as the moisture evaporates at the surface. 
These eeerine-type (EK-rin) sweat glands are distributed 
throughout the skin. Eaeh gland has a seeretory portion 
and an excretory tube that extends direetly to the surface 
and opens at a pore (see also Fig. 5-' ). Because sweat eon- 
tains small amounts of dissolved salts and other wastes in 
addition to water, these glands also serve a minor excretory 
function. 

Present in smaller number, the apoerine (AP-o-krin) 
sweat glands are loeated mainly in the armpits (axillae) 
and groin area. 9 Unlike eeerine glands, apoerine glands 
are altvays assoeiated witk bair follieles . * These glands 
beeome aetive at puberty and release their seeretions 
through the hair follieles in response to emotional stress 
and sexual stimulation. The apoerine glands release some 
cellular material in their seeretions. Body odor develops 
from the aetion of baeteria in breaking down these organie 
cellular materials. 


9 *The Miseoneeption Alerts featured in every ehapter of this book are 
derived from eommon errors students make in responding to questions in 
PrepU, an online supplemental review program available separately for this 
text. For information on aeeessing prepU, see pp. xviii-xix of the User’s 
Guide at the front of this text. 
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Figure 5-4 


Portion of skin showing assoeiated glands and hair. KEY POINT A. A sebaceous (oil) gland and 


its assoeiated hair folliele. B. An eeerine (temperature-regulating) sweat gland. ZOOMING IN How do the sebaceous 



glands and apoerine sweat glands seerete to the outside? What kind of epithelium makes up the sweat glands? 


Several types of glands assoeiated with the skin are 
modified sudoriferous glands. These are the ceruminous 
(seh-RU-min-us) glands in the ear eanal that produce ear 
wax, or eemmen; the eiliary (SIL-e-er-e) glands at the edges 
of the eyelids; and the mammary glands in the breasts. 
_ Remember tbat most skin glands, witb tbe exception of 
sebaeeons glands, are elassified as sudoriferous. 

HAIR 

Almost all of the body is eovered with hair, which in most 
areas is soft and fine. Hairless regions are the palms of the 
hands, soles of the feet, lips, nipples, and parts of the exter- 
nal genitalia. Hair is eomposed mainly of keratin and is not 
living. Eaeh hair develops, however, from stem eells loeated 
in a bulb at the base of the hair folliele, a sheath of epi- 
thelial and eonneetive tissue that eneloses the hair (see Fig. 
5-4). Melanoeytes in this growth region add pigment to the 


developing hair. Different shades of melanin produce the 
various hair eolors we see in the population. The part of 
the hair that projeets above the skin is the shaft; the portion 
below the skin is the hair’s root. $ Hair loss involves only 
tbe sbaft and tbe root (tbe small bulb-like portion of tbe 
bair). Tbe bair folliele is firmly anebored witbin tbe skin, 
ready to make a new bair. 

Attaehed to most hair follieles is a thin band of invol- 
untary muscle (see Fig. 5-4). When a person is fright- 
ened or eold, this muscle eontraets, raising the hair and 
forming “goose bumps” or “ehieken skin.” The name of 
this muscle is arreetor pili (ah-REK-tor PI-li), which liter- 
ally means “hair raiser.” This response is not important 
in humans but is a warning sign in animals and helps 
animals with furry eoats to eonserve heat. As the arreetor 
pili eontraets, it presses on the sebaceous gland assoei- 
ated with the hair folliele, causing the release of sebum to 
lubricate the skin. 
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Figure 5-5 


Nail structure. , KEY POINT Nails proteet the 


fìngertips and toes. They form from epidermal eells at the nail root. 
A. Photograph of a nail, superior view. B. Midsagittal seetion of a 
fìngertip. 


NAILS 

Nails proteet the fingers and toes and also help in grasping 
small objeets with the hands. They are made of hardened 
keratin formed by the epidermis ( 'ig. 5-5). Remember 
tbat eollagen and keratin are very different proteins. 
Keratin is an intraeellnlar protein in epitbelial eells, but 
eollagen is an extracellular protein in eonneetive tissne. 
New eells develop continuously in a growth region (nail 
matrix) loeated under the nail’s proximal end, a portion 
ealled the nail root. The remainder of the nail plate rests 
on a nail bed of epithelial tissue. The eolor of the der- 
mis below the nail bed ean be seen through the elear nail. 
The pale lunula (LU-nu-lah), literally “little moon,” at the 
nail’s proximal end appears lighter because it lies over the 
nail’s thieker growing region. The cuticle, an extension of 
the stratum corneum, seals the spaee between the nail plate 
and the skin above the root. 

Nails of both the toes and the fingers are affeeted by 
general health. Changes in nails, including abnormal eolor, 
thiekness, shape, or texture (e.g., grooves or splitting), ean 
indieate malnutrition or the presenee of a ehronie disease. 


CHECKPOINTS © 

5-4 What is the name of the skin glands that produce an oily 
seeretion? 

5-5 What is the seientifie name for the sweat glands? 

5-6 What is the name of the sheath in which a hair develops? 
5-7 Where are the aetive eells that produce a nail loeated? 

Functions of the 
lntegumentary System 

Among the main functions of the integumentary system are 
the following: 

■ proteetion against infeetion 

■ proteetion against dehydration (drying) 

■ regulation of body temperature 

■ eolleetion of sensory information 

PR0TECTI0N AGAINST INFECTION 

intaet skin forms a primary barrier against invasion of 
pathogens. The eells of the stratum corneum form a tight 
interloeking pattern that resists penetration. The surface 
eells are eonstantly shed, thus meehanieally removing patho- 
gens. Rupture of this barrier, as in eases of wounds or burns, 
invites infeetion of deeper tissues. The skin also proteets 
against baeterial toxins (poisons) and some harmfiil ehemi- 
eals in the environment. 


PR0TECTI0N AGAINST DEHYDRATION 

Both keratin in the epidermis and the oily sebum released to 
the skin’s surface from the sebaceous glands help to water- 
proof the skin and keep it moist and supple, even in dry envi- 
ronments. These substances also prevent excessive water loss 
by evaporation. The skin itself forms a boundary that eneloses 
body fluids, limiting water loss. When the skin is burned, fluid 
losses are signifieant, and burn patients eommonly eomplain 
of intense thirst. 


REGULATION OF BODY TEMPERATURE 

Both the loss of excess heat and proteetion from eold are 
important functions of the integumentary system. Indeed, 
most of the blood flow to the skin is eoneerned with tem- 
perature regulation. In eold eonditions, vessels in the skin 
eonstriet (beeome narrower) to reduce blood flow to the 
surface and diminish heat loss. The skin may beeome visibly 
pale under these eonditions. 

To eool the body, the skin forms a large surface area for 
radiating body heat to the surrounding air. When the blood 
vessels dilate (widen), more blood is brought to the surface so 
that heat ean dissipate. The other meehanism for eooling the 
body involves the sweat glands, as noted above. The evapora- 
tion of perspiration draws heat from the skin. A person feels 
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uncomfortable on a hot and humid day because water does 
not evaporate as readily from the skin into the surrounding 
air. A dehumidifier makes one more eomfortable even when 
the temperature remains high. 

As is the ease with so many body fimetions, tempera- 
ture regulation is complex and involves other areas, includ- 
ing eertain eenters in the brain. See Chapter 18 for more 
information. 

C0LLECTI0N OF SENSORY INFORMATION 

Because of its many nerve endings and other speeial reeep- 
tors, the integumentary system may be regarded as one of the 
body’s ehief sensory organs. Free nerve endings deteet pain 
and moderate ehanges in temperature. Other types of sensory 
reeeptors in the skin respond to light touch and deep pressure. 
Figure 5-1 shows some free nerve endings, a touch reeeptor 
(Meissner corpuscle), and a deep pressure reeeptor (Paeinian 
corpuscle) in a seetion of skin. 

Many of the reflexes that make it possible for humans 
to adjust themselves to the environment begin as sensory 
impulses from the skin. For example, touching a hot stove 
aetivates skin reeeptors, which initiate a reflex that ends with 
withdrawing your finger. As elsewhere in the body, the skin 
reeeptors work with the brain and the spinal eord to aeeom- 
plish these important fimetions. 


OTHER AdlVITIES OF THE INTEGIJMENTARY 
SYSTEM 

Substances ean be absorbed through the skin in limited 
amounts. Some drugs—for example, estrogens, other ste- 
roids, anestheties, and medieations to eontrol motion siek- 
ness—ean be absorbed from patehes plaeed on the skin 
(see Box 5-2). Most medieated ointments used on the skin, 
however, are for the treatment of loeal eonditions only. Even 
medieation injeeted into the subcutaneous tissue is absorbed 
very slowly. 

There is also a minimal amount of excretion through 
the skin. Water and eleetrolytes are excreted in sweat (per- 
spiration). Some nitrogen-eontaining wastes are eliminated 
through the skin, but even in disease, the amount of waste 
products excreted by the skin is small. Therefore, elaims that 
saunas and hot yoga u detoxify” the body are not substanti- 
ated by seienee. 

Vitamin D needed for the development and maintenanee 
of bone tissue is manufactured in the skin under the effeets of 
ultraviolet (UV) radiation in sunlight. 

Note that the human skin does not “breathe.” The 
pores of the epidermis serve only as outlets for per- 
spiration from the sweat glands and sebum (oil) from 
the sebaceous glands. They are not used for exchange 
of gases. 


C7\SEP0INTS 



5-3 Why did the physieian use antibaeterial eream in treating 
Hazel's burn in the opening ease study? 

5-4 Why was pain a positive sign for Hazel? 


CHECKPOINTS 



5-8 What two substances produced in the skin help to 
prevent dehydration? 


5-9 What two meehanisms involving the skin are used to 
regulate temperature? 



CLINIC 







PERSPECTIVES 


Box 5-2 


Medieation Patehes: No Bitter Pill to Swallow 


For most people, pills are a eonvenient way to take mediea- 
tion, but for others, they have drawbacks. Pills must be taken 
at regular intervals to ensure eonsistent dosing, and they must 
be digested and absorbed into the bloodstream before they 
ean begin to work. For those who have diffìculty swallowing 
or digesting pills, transdermal (TD) patehes offer an effeetive 
alternative to some oral medieations. 

TD patehes deliver a eonsistent dose of medieation that 
diffuses at a eonstant rate through the skin into the blood- 
stream.Thereisnodailyscheduletofollow,nothingto swallow, 
and no stomaeh upset. TD patehes ean also deliver medieation 
to unconscious patients, who would otherwise require intrave- 
nous drug delivery. TD patehes are used in hormone replaee- 
ment therapy, to treat heart disease, to manage pain, and to 
suppress motion siekness. Nieotine patehes are also used as 
part of programs to quit smoking. 

TD patehes must be used carefully. Drug diffusion 
through the skin takes time, so it is important to know how 


long the pateh must be in plaee before it is effeetive. It is also 
important to know how long the medieation's effeets will 
persist after the pateh is removed. Because the body eontin- 
ues to absorb what has already diffused into the skin, remov- 
ing the pateh does not entirely remove the medieine. Also, 
inereased heat may elevate drug absorption to dangerous 
levels. 

A reeent advanee in TD drug delivery is iontopho- 
resis. Based on the prineiple that like eharges repel eaeh 
other, this method uses a mild eleetrie current to move 
ionie drugs through the skin. A small eleetrieal deviee 
attaehed to the pateh uses positive current to "push" posi- 
tively eharged drug molecules through the skin and a nega- 
tive current to push negatively eharged ones. Even though 
very low levels of eleetrieity are used, people with paeemak- 
ers should not use iontophoretie patehes. Another disad- 
vantage is that they ean move only ionie drugs through 
the skin. 
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Skin Color 

Skin eolor is determined by pigments present in the skin itself 
and in blood circulating through the skin. The three main pig- 
ments that impart eolor to the skin are: 

Melan Melanin is the skin’s main pigment. It is pro- 
duced by melanoeytes in the stratum germinativum of the 
epithelium. In addition to its presenee in the skin, it is 
found in the hair, the middle eoat of the eyeball, and the 
iris of the eye. It is eommon to all raees, but darker people 
have a much larger quantity in their tissues because their 
melanoeytes are more aetive. The melanin in the skin helps 
to proteet against sunlight’s damaging UV radiation. Thus, 
skin that is exposed to the sun shows a normal inerease in 
this pigment, a response we eall tanning. 

Hemoglobí Hemoglobin (he-mo-GLO-bin) is the pig- 
ment that earries oxygen in red blood eells (further deseribed 
in Chapters 12 and 16). It gives blood its eolor and is visible in 
the skin through vessels in the dermis. Circulation inereases, 
and so does skin redness, when body temperature rises or 
in response to excitement or embarrassment (Fig. 5-6A). 
Conversely, shoek or eold deereases circulation and causes 
skin to beeome pale ( 'ig. 5-6B). 

earotene Carotene (KAR-o-tene) is a skin pigment 
obtained from earrots and other orange and yellow veg- 
etables. Excessive intake of these vegetables ean result in 
earotene accumulation in blood, a eondition known as 
earotenemia (kar-o-te-NE-me-ah) (the suffix -etnia refers 
to blood). The excess earotene is deposited in the stratum 
corneum, resulting in a yellowish red skin diseoloration 
known as earotenoderma. 


CHECKPOINT 



5-10 Name some pigments that give eolor to the skin. 



Figure 5-6 


Hemoglobin and skin eolor. KEY POINT 


Hemoglobin in blood gives skin a reddish eoloration. A. inereased 
blood flow causes redness. B. Deereased blood flow results in pallor. 


C7\SEP0MT 

5-5 What pigment gave Hazel's skin it's eolor when she 
suffered a burn? 

Repair of the Integiiment 

The integumentary system, our outer eovering, is more 
prone to damage than any other system. Superficial wounds 
involving only the epidermis do not bleed, but they still 
hurt. Wounds that penetrate the dermis do bleed because 
the blood vessels in that layer are damaged. Large skin 
wounds ean result in life-threatening infeetion and dehy- 
dration, because the skin’s function as a barrier has been 
lost. More extensive injuries penetrate the subcutaneous 
layer and may extend down to the underlying adipose and 
muscle tissues. Interestingly, deeper skin wounds sometimes 
hurt less than more superficial injuries, because they destroy 
the skin’s pain-deteeting nerve supply. Hazels’ opening ease 
study deseribes a thermal injury, that is, a burn. 

Regardless of the injury’s cause, repair begins with 
inflammation. Blood brings growth faetors that promote the 
aetivity of restorative eells and agents that break down tis- 
sue debris and fight infeetion. New vessels braneh from dam- 
aged eapillaries and grow into the injured tissue. Fibroblasts 
(eonneetive tissue eells) manufacture eollagen and other sub- 
stanees to elose the gap made by the wound. Stem eells in 
neighboring undamaged skin (speeifieally the stratum basale 
of the epidermis) produce epidermal eells that migrate to 
eover the new eonneetive tissue. In severe wounds, stem eells 
in dermal hair follieles ean be aetivated to produce new epi- 
dermal eells. However, if both the dermis and epidermis are 
destroyed, new epidermal tissue eannot be made and skin 
grafts may be required. 

The new eonneetive tissue (dermis) at the eenter of the 
healed wound is usually different from normal tissue, forming 
a sear. Sear tissue is strong but is not as flexible as normal tis- 
sue and does not function like the tissue it replaees. Suturing 
(sewing) the edges of a elean wound together, as is done for 
operative wounds, deereases the amount of eonneetive tissue 
needed for repair and thus minimizes searring. 

FACT0RS THAT AFFECT HEALING 

Wound healing is a complex proeess involving multiple body 
systems. It is affeeted by the following: 

■ Nutrition—A eomplete and balaneed diet will provide 
the nutrients needed for eell regeneration. All required 
vitamins and minerals are important, espeeially vitamins 
A and C, which are needed for eollagen production. 

■ Blood supply—The blood brings oxygen and nutrients 
to the tissues and also earries away waste materials and 
toxins (poisons) that might form during the healing pro- 
eess. White blood eells attaek invading baeteria at the 
site of the injury. Poor circulation, as occurs in eases of 
diabetes, for example, will delay wound healing. 
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infeetion—Contamination prolongs inflammation and 
interferes with the formation of materials needed for 
wound repair. 

Age—Healing is generally slower among the elderly 
refleeting their slower rate of eell replaeement. The 
elderly also may have lowered immune responses to 
infeetion. 


CHECKPOINT 



5-11 Name four faetors that affeet skin healing. 


See the Student Resources on thePoint® to view an 
animation on wound healing. 


Effeets of Aging on the 
Integiimentary System 

As people age, wrinkles, or crow’s feet, develop around the 
eyes and mouth owing to the loss of fat, elastie fibers, and eol- 
lagen in the underlying tissues. The dermis beeomes thinner, 
and the skin may beeome transparent and lose its elastieity, 


an effeet sometimes ealled “parehment skin.” Exposure to 
the UV radiation in sunlight degrades eollagen and elastie 
fibers, thereby aeeelerating these ehanges. Pigment forma- 
tion deereases with age. However, there may be loealized 
areas of extra pigmentation in the skin with the formation 
of brown spots (“liver spots”), espeeially on areas exposed to 
the sun (e.g., the baeks of the hands). Circulation to the der- 
mis deereases, so white skin looks paler. Wounds heal more 
slowly and are more susceptible to infeetion. 

The hair does not replaee itself as rapidly as before and 
thus beeomes thinner on the sealp and elsewhere on the body. 
Deereased melanin production leads to gray or white hair. Hair 
texture ehanges as the hair shaft beeomes less dense, and hair, 
like the skin, beeomes drier as sebum production deereases. 

The sweat glands deerease in number, so there is less 
output of perspiration and lowered ability to withstand heat. 
The elderly are also more sensitive to eold because of having 
less fat in the skin and poor circulation. The fingernails may 
flake, beeome brittle, or develop ridges, and toenails may 
beeome diseolored or abnormally thiekened. 


Observation and eare of the skin are important in 
nursing as well as other healtheare professions. The 
Student Resources on thePoinf have information on 
nursing eareers. 


A & P in Aetion Revisited 


Hazeis Healing Proeess 

The following weekend, Tiffany returned to eheek up on 
her grandmother. y/ How have you been getting aLong?" 
she asked. 

"WeLl, it hasn't been fun," HazeL groused, "but Mavis 
from next door has been eoming over every few days to 
ehange my dressing, and I gave her aLL of the tomatoes. I 
onLy have the bandage on my forearm now, but it's taking 
forever to heaL!" 

Tve been praetieing dressing ehanges this week," 
Tiffany repLied, "so Let me take eare of it today." She 
donned steriLe gLoves and carefuLLy peeLed baek the 
dressing. Part of the burned forearm was stiLL moist 
and red, but she saw very LittLe pus or other signs of 


infeetion, and the bListers were gone. Surrounding the 
moist area was brand new epidermis. Tiffany gentLy 
eLeaned the wound and then appLied more antibiotie 
eream and a new dressing. The hand was dry, pink, and 
sensitive to touch, so she Left it aLone. The unaffected 
skin was quite papery and had some brown spots, but 
she knew that these were normaL indieations of aging. 
"You'LL probabLy have a permanent sear on your fore- 
arm," Tiffany said, "but it is heaLing pretty weLL. Maybe 
next weekend we ean taekLe the piekLes!" 

HazeL's story highLights the abiLity of the skin to 
heaL easiLy after injury, even in the eLderLy, as Long as 
the damage is not overLy deep. 
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CHAPTER 



Chapter Wrap-Up 


Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


apoerine 
arreetor pili 
cerumen 
dermis 


eeerine 
epidermis 
hair folliele 
integumentary system 


keratin 
melanin 
melanoeyte 
sebaceous gland 


sebum 

stratum basale 
subcutaneous layer 
sudoriferous gland 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Stmetnre ofthe Skin 

eorne/o 

eornified, keratinized 

The stratum eornenm is the outermost thiekened, keratinized layer of 
the skin. 

derm/o 

skin 

The epidermis is the outermost layer of the skin. 

melan/o 

dark, blaek 

A melanoeyte is a eell that produces the dark pigment melanin. 

sub- 

under, below 

The suhcutaneous layer is under the skin. 

Aeeessory Stmetnres ofthe Skin 

ap/o- 

separation from, derivation from 

The apoerine sweat glands release some cellular material in their seeretions. 

pil/o 

hair 

The arreetor pili muscle raises the hair to produce “goose bumps.” 

Skin Color 

hemo 

blood 

Hemoglobin is a substance found in blood. 


Questions for Study and Review 

BLflLDING LINDERSTANDING 

Fill in the Blanks 

A dark-eolored pigment that proteets the skin from the 
rays in sunlight is ealled_. 

Refer to the integumentary system in “The Body Visible” 
overlays to find that Meissner and Ruffini corpuscles are 
reeeptors for the sense of_. 


1. Cells of the stratum corneum eontain large amounts of a 4. 

protein ealled_. 

2. Sweat glands loeated in the axillae and groin are elassified 5. 

as_glands. 

3. The name of the muscle that raises the hair is the 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . Aeeessory skin structure that lubricates the eye 

7. Deepest, dividing epithelial layer of the skin 

8. A deep pressure reeeptor in the skin 

9. Modified sweat gland that produces ear wax 

10. Superficial layer of the epidermis 


a. stratum basale 

b. stratum corneum 
C. meibomian gland 

d. Paeinian corpuscle 

e. ceruminous gland 
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Multiple Choice 

_ 11 . The dermis is_to the epidermis. 

a. siiperfieial 

b. deep 
C. lateral 
d. medial 

_ 12 . The layer of the skin that eontains blood vessels is the 

a. epidermis 

b. hypodermis 
C. dermis 

d. subcutaneous layer 

_ 13 . Fingerprints and footprints are formed by 

a. Paeinian corpuscles 

b. melanoeytes 

C. Meissner corpuscles 
d. dermal papillae 


LINDERSTANDING CONCEPTS 

16 . Compare and eontrast the epidermis, dermis, and 
hypodermis. How are the outermost eells of the epidermis 
replaeed? 

17 . Referring to the integumentary system in “The Body 
Visible” overlays and information in Chapter 4, name the 
type of tissue that eomprises number 27. 


14 . Which glands are involved in temperature regulation? 

a. ceruminous 

b. sudoriferous 
C. eiliary 

d. papillary 

15 . Nails grow from which area? 

a. lunula 

b. cuticle 
C. nail root 
d. nail bed 


18 . Deseribe the loeation and function of the two types of 
skin glands. 

19 . What are the four most important functions of the skin? 

20 . Deseribe the events assoeiated with skin wound healing. 

21 . What ehanges may occur in the skin with age? 


CONCEPTUAL THINKING 

22 . Why is the skin deseribed as a membrane? An organ? 
A system? 


23 . Hazel’s deep burn was painful, moist, warm, and prone 
to infeetion. Which of the four skin functions have been 
eompromised, and which are still functioning? 


For more questions, see the Learning Aetivities on 

thePoinf. 









Movement and Support 



CHAPTER 6 ► The Skeleton: Bones and joints 
CHAPTER 7 ► The Muscular System 

This unit deals with the skeletal and muscular systems, which work together to execute movement and to 
support and proteet vital organs. The ehapter on the skeleton identifies the bones and joints and discusses 
bone formation, growth, and repair. The ehapter on muscles deseribes the eharaeteristies of all types of 
muscles and then eoneentrates on the muscles that are attaehed to the skeleton and how they function. 
We name and loeate the main skeletal muscles and deseribe their aetions. 










CHAPTER 


The Skeleton: Bones and Joints 



Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► List the functions of bones. p. 96 

2 Deseribe the structure of a Long bone. 

p. 96 

3 ► Name the three different types of eeLLs 

in bone, and deseribe the functions of 
eaeh. p. 96 

4 Differentiate between eompaet bone and 

spongy bone with respeet to structure 
and Loeation. p. 98 

5 ► ExpLain how a Long bone grows. p. 99 

6 ► Name and deseribe nine markings found 

on bones. p. 100 

7 ► Name, Loeate, and deseribe the bones in 

the axiaL skeLeton. p. 101 

8 Deseribe the normaL curves of the spine, 

and expLain their purpose. p. 105 

9 ► Name, Loeate, and deseribe the bones in 

the appendicuLar skeLeton. p. 106 

10 Deseribe three eategories of joints 

based on degree of movement, and give 
exampLes of eaeh. p. 112 

11 ► Name six types of synoviaL joints, and 

demonstrate the movements that occur 
at eaeh. p. 115 

12 Deseribe how the skeLetaL system 

ehanges with age. p. 117 

13 ► llsing the ease study and information 

in the text, discuss how fractures heaL. 

pp. 95, 117 

14 ► Show how word parts are used to buiLd 

words reLated to the skeLeton (see Word 
Anatomy at the end of the ehapter). 

p. 119 






A & P in Aetìon Reggie ’s Case: 7\ Footballer’s Fractured Femur 


íi 



Donnelly throws deep for a touchdown. invoLve the femoral neek. This meant that the blood suppLy 

WiLson makes a beautifuL eateh! Ooh, to the femoraL head was not in danger, so the surgery wouLd 


hit from number 26. 


The 


roared their approvaL for the 


be more straightforward. 

In the operating room, the surgicaL team appLied trae- 
wide reeeiver. On the ground, Reggie tion to Reggie's right Leg, puLLing on itto reposition the bro- 

WiLson knew that something was ken ends of his proximaL femur baek into anatomie position 

wrong with his hip. In faet, (verified with another x-ray). Then, the orthopedie surgeon 

he thought he had actuaLLy made an ineision beginning atthe tip of the greatertroehan- 

heard the bone break. It didn't ter and eontinmng distaLLy aLong the LateraL thigh through 

take Long for the eoaehes and the skin, subcutaneous fat, and vastus LateraLis muscLe. After 

medieaL staff to reaLize that exposing the proximaL femur, the surgeon driLLed a hoLe and 

Reggie needed heLp. And instaLLed a titanium screw through the greater troehanter 

it didn't take Long for the and neek and into the femoraL head. He then positioned a 

ambuLance to get him to the trauma eenter dosest to the titanium pLate over the screw and fastened it to the femoraL 


stadium. 


shaft with four more screws. Confident that the broken ends 


At the hospitaL, the emergeney team examined Reggie. of the femur were firmLy heLd together, the surgeon eLosed 
His injured Leg appeared shorter than the other and was the wound with sutures and skin stapLes. Reggie was then 
adducted and LateraLLy rotated—aLL signs of a hip frae- wheeLed into the reeovery room. 


ture. An x-ray eonfirmed the team's suspicions; Reggie had 


The surgicaL team successfuLLy reaLigned the fractured 


sustained an intertroehanterie fracture of his right femur. ends of Reggie's femur. Now Reggie's body wiLL begin the 


The tibia and fibuLa were intaet. He wouLd need surgery. 


heaLing proeess. In this ehapter, we Learn more about bones 


but LuckiLy for Reggie, the fracture Line extended from and joints. Laterin the ehapter, we see how Reggie's skeLetaL 

the greater troehanter to the Lesser troehanter and didn't system is repairing itseLf. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES 7\t-7ì-Qlance 

Visit nePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

Tips for Effeetive Studying 

Web Figure: Bone Markings and 
Formations 

Web Figure: Skeletal Features 
of the Head and Neek 

Web Figure: Skeletal Features 
of the Shoulder and Torso 

Web Figure: Skeletal Features 
of the Upper Extremity 


Web Figure: Skeletal Features 
of the Lower Extremity 

Web Chart: Bones of the Skull 

Animation: Bone Growth 

Health Professions: Radiologie 
Teehnologist 

Detailed ehapter Outline 

Answers to Questions for Study 
and Review 

Audio Pronunciation Glossary 


resources. For guidance in using this 

Learning ACTIVITIES 

► Pre-Quiz 

Visual Aetivities 
Kinesthetie Aetivities 
Auditory Aetivities 
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A LOOK BACK 


Bone tissiie is tbe densest form of tbe eonneetive tissnes 
introdneed in Cbapter 4. We noiv deseribe its ebaraeteristies 
in greater detail and sbow boiv it is bnilt into tbe skeletal 
system. 


T he skeleton is the strong framework on which the body 
is eonstmeted. Much like the frame of a building, the 
skeleton must be strong enough to support and proteet all the 
body structures. Bones work with muscles to produce move- 
ment at the joints. The bones and joints together form the 
skeletal system. 


Bones 

Bones have a number of functions, several of which are not 

evident in looking at the skeleton. They 

■ form a sturdy framework for the entire body 

■ proteet delieate structures, such as the brain and the spi- 
nal eord 

■ work as levers with attaehed muscles to produce 
movement 

■ store calcium salts, which may be resorbed into the 
blood if calcium is needed 

■ produce blood eells (in the red marrow) 


BONE STRUCTURE 

The eomplete bony framework of the body, known as the 
skeleton ( = ig. 6-' ), eonsists of approximately 206 bones 
(the preeise number ean vary somewhat among individu- 
als). The axial skeleton includes the bones of the head and 
torso, and the appendicular skeleton includes the bones of 
the extremities. The individual bones in these two divisions 
are deseribed in detail later in this ehapter. The bones of the 
skeleton ean be of several different shapes. They may be flat 
(ribs, cranium), short (earpals of wrist, tarsals of ankle), or 
irregular (vertebrae, faeial bones). The most familiar shape, 
however, is the long bone, the type of bone that makes up 
most of the appendicular skeleton. The long narrow shaft of 
this type of bone is ealled the diaphysis (di-AF-ih-sis). At the 
eenter of the diaphysis is a medullary (MED-u-lar-e) eavity, 
which eontains bone marrow. The long bone also has two 
irregular ends, a proximal and a distal epiphysis (eh-PIF-ih- 
sis) (Fig. 6-2). 

Bone issue Bones are living organs with their own sys- 
tems of blood vessels and nerves. Bone tissue, also known as 
osseous (OS-e-us) tissue, is the hardest form of eonneetive 
tissue. 
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Figure 6-1 


Theskeleton KEY POINT:The skeleton is 


divided into two portions.The axial skeleton is shown here in yellovv; 
the appendicular in blue. 


Bone’s hardness and strength refleet the eomponents 
of the matrix, the material between the living bone eells. 
This material is rieh in the protein eollagen (KOL-ah-jen) 
and in calcium salts. Both substances are neeessary for 
healthy bones; without minerals, bones would bend easily, 
but without eollagen, the bones would shatter easily, like 
stieks of ehalk. See Box 6-1, “Three Steps toward a Strong 
and Healthy Skeleton”, for tips on how to optimize bone 
health. 

Bone tissue eontains three types of eells: 

■ Osteoblasts (OS-te-o-blasts) build bone tissue. (You ean 
use the mnemonie “Blasts Build” to remember the role 
of these eells.) 
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Figure 6-2 


The structure of a long bone KEY POINT A long 


bone has a long, narrow shaft,the diaphysis,and two irregular ends,the 
epiphyses. The medullary eavity has yellow marrow. Red marrow is loeated 
in spongy bone. A. The parts of a long bone. B. Longitudinal seetion of a 
long bone showing both types of bone tissue. There is an outer layer of 
eompaet bone; the remainder of the tissue is spongy bone, shown by the 
arrows. Transverse growth lines are also visible. « ZOOMING IN What 
are the membranes on the outside and the inside of a long bone ealled? 
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Box 6-1 


Three Steps tovvard a Strong and Healthy Skeleton 


potatoes, and leafy green vegetables. Bananas and dairy prod- 


The skeleton is the body's frame- 
work. It supports and proteets internal 
organs, helps to produce movement, and 
manufactures blood eells. Bone also stores nearly all of the 
body's calcium, releasing it into the blood when needed for 
proeesses such as nerve transmission, muscle eontraetion, 
and blood elotting. Proper nutrition, exercise, and a healthy 
lifestyle ean help the skeleton perform all these essential 
roles. 

A well-balanced diet supplies the nutrients and energy 
needed for strong, healthy bones. Calcium, phosphorus, and 
magnesium make up the mineral erystals of bone and eonfer 
strength and rigidity. Foods rieh in both calcium and phos- 
phorns include dairy products, fish, beans, and leafy green 
vegetables. When body fluids beeome too aeidie, bone tissue 
releases calcium and phosphate, and the bone beeomes weak- 
ened. Both magnesium and potassium help regulate the pH 
of body fluids, with magnesium also helping bone absorb eal- 
cium. Foods rieh in magnesium and potassium include beans, 


ucts are high in potassium. 

Protein supplies the amino aeids needed to make eolla- 
gen,whichgivesbonetissueflexibility.Meat,poultry,fish,eggs, 
dairy, soy, and nuts are excellent sources of protein. 

Vitamin C helps stimulate eollagen synthesis, and vitamin 
D helps the digestive system absorb calcium into the blood- 
stream, making it available for bone. Most frnits and vegeta- 
bles are rieh in vitamin C. Fewfoods supply vitamin D. Reliable 
sources include fatty fish and fortifìed milk. Liver, butter, and 
eggs also eontain very small amounts. 

Like muscle, bone beeomes weakened with disuse. 
Consistent exercise promotes a stronger, denser skeleton by 
stimulating bone to absorb more calcium and phosphate from 
the blood, reducing the riskof osteoporosis. A healthy lifestyle 
also includes avoiding smoking and excessive aleohol eon- 
sumption, both of which deerease bone calcium and inhibit 
bone growth. High levels of eaffeine in the diet may also rob 
the skeleton of calcium. 
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■ Osteoeytes (OS-te-o-sites) are mature osteoblasts that 
beeome trapped in the bone matrix. They maintain bone 
tissue. 

■ Osteoelasts (OS-te-o-klasts) are large, multinucleated 
eells responsible for the proeess of resorption, which is 
the breakdown of bone tissue. Osteoelasts develop from 
a type of white blood eell (monoeyte). (You ean use the 
mnemonie “Olasts Cleave.”) 

Types of Osseoiis Tissue There are two types of osseous 

tissue: eompaet and spongy. Compact bone is hard and dense 
(Fig. 6-3). This tissue makes up the main shaft of a long bone 
and the outer layer of other bones. The osteoeytes (mature 


bone eells) in this type of bone are loeated within ringlike 
layers of bone tissue, ealled lamellae. These rings surround 
a eentral eanal, also ealled a baversian (ha-VER-shan) eanal , 
eontaining nerves and blood vessels. The osteoeytes live in 
spaees (lacunae) between the lamellae and extend out into 
many small radiating ehannels, ealled eanalienli^ so that they 
ean be in eontaet with nearby eells. Eaeh ringlike unit with 
its eentral eanal makes up an osteon (OS-te-on) or haversian 
system (see Fig. 6-3B). Perforating (Volkmann) eanals form 
ehannels aeross the bone, from one side of the shaft to the 
other, permitting the passage of blood vessels and nerves. 

The seeond type of bone tissue, ealled spongy bone, or 
eaneellons bone , has more spaees than does eompaet bone. 
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Figure 6-3 


Bone tissue. KEY POINT There are two types of bone tissue—eompaet and spongy. A. This 


seetion shows osteoeytes (bone eells) within osteons (haversian systems) in eompaet bone. It also shows the eanals that 
penetrate the tissue. B. Mieroseopie view of eompaet bone in eross-seetion (x300) showing a eomplete osteon. In living 
tissue, osteoeytes (bone eells) reside in spaees (lacunae) and extend out into ehannels that radiate from these spaees. 
ZOOMING IN What eells are loeated in the spaees of eompaet bone? 
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It is made of a meshwork of small, bony plates filled with 
red marrow. Spongy bone is found at the epiphyses (ends) of 
the long bones and at the eenter of other bones. It also lines 
the medullary eavity of long bones. Figure 6-3C shows a 
photograph of both eompaet and spongy bone tissue. 

Bone Marrov Bones eontain two kinds of marrow. In 
adults, red marrow is found in the spongy bone at the ends 
of the long bones and at the eenter of other bones (see 
Fig. 6-2). Red bone marrow manufactures blood eells. 
Yellow marrow is found ehiefly in the eentral eavities of the 
long bones. Yellow marrow is eomposed largely of fat. The 
long bones of babies and ehildren eontain mostly red mar- 
row, refleeting their greater need for new blood eells. 

Bone Membranes Bones are eovered (except at the joint 
region) by a membrane ealled the periosteum (per-e-OS-te- 
um) (see Fig. 6-2). This membrane’s inner layer eontains 
osteoblasts that build bone tissue and osteoelasts that break 
down bone tissue. The eoordinated aetions of these eells 
build, repair, and maintain bone throughout life. Blood ves- 
sels in the periosteum play an important role in the nourish- 
ment of bone tissue. Nerve fibers in the periosteum make 
their presenee known when a person suffers a fracture or 
reeeives a blow, such as on the shinbone. A thinner mem- 
brane, the endosteum (en-DOS-te-um), lines the bone’s mar- 
row eavity; it too eontains osteoblasts and osteoelasts. 


CHECKPOINTS 



6-1 What are the seientifie names for the shaft and the ends 
of a long bone? 


6-2 What compounds are deposited in the intercellular 
matrix of the embryonie skeleton to harden it? 

6-3 What are the three types of eells found in bone, and what 
is the role of eaeh? 


6-4 What are the two types of osseous (bone) tissue, and 
where is eaeh type found? 


C7\SEP0INTS 



6-1 Reggie fractured the proximal end of a long bone. What is 
the seientifie name for the bone region involved? 

6-2 Would Reggie's fracture line eontaet red marrow or 
yellow marrow? 


BONE GROVVTH, MAINTENANCE, AND REPAIR 

The proeess of bone formation begins in the earliest weeks of 
embryonie life and continues until young adulthood. 

Fetal Ossifieatior During early development, the 
long bones of the embryonie skeleton are eomposed pri- 
marily of hyaline eartilage. The eonversion of eartilage to 
bone, a proeess known as ossifieation, begins during the 
seeond and third months of embryonie life. At this time, 
osteoelast-like eells remove the eartilage, and osteoblasts 
deposit bone tissue in plaee of the eartilage. 

Onee this intercellular material has hardened, the eells 
remain enelosed within the lacunae (small spaees) in the 


matrix. These eells, now known as osteoeytes, are still living 
and continue to maintain the existing bone matrix, but they 
do not produce new bone tissue. Osteoblasts and osteoelasts 
in the bone membranes are responsible for bone growth, 
repair, and remodeling later in life. You will see the impor- 
tanee of these eells in Reggie’s ease study. 

The flat bones of the skull and other regions develop 
from fibrous eonneetive tissue membranes instead of from 
eartilage. Osteoblasts deposit bone tissue within these fibrous 
membranes. 

Formation of a Long Bone In a long bone, the transfor- 

mation of eartilage into bone begins at the eenter of the shaft 
during fetal development. As bone synthesis continues, osteo- 
elasts (the bone removers) degrade the bone tissue at the een- 
ter of the bone, producing the medullary eavity. Around the 
time of birth, seeondary bone-forming eenters, or epiphyseal 
(ep-ih-FIZ-e-al) plates, develop aeross the ends of the bones. 
The long bones continue to grow in length at these eenters by 
the production of new eartilage within the plate and ealeifi- 
eation of older eartilage. The large amount of eartilage in a 
ehild’s bones renders them more pliable and tougher to break. 

Finally, by the late teens or early 20s, the bones stop 
growing in length. Bone tissue replaees all of the eartilage in 
the epiphyseal plate, which ean be seen in x-ray films as a thin 
line, known as the epiphyseal line (see Fig. 6-2). Physieians 
ean use the presenee of the epiphyseal plate or line on x-rays 
to evaluate a patient’s age. 

As a bone grows in length, it also grows in width. To 
prevent bones from beeoming too heavy, osteoelasts remove 
bone tissue from the shaft to enlarge the eentral marrow eav- 
ity as osteoblasts add bone tissue to the outside. 

BoneTÌSSUe RegulatÌon Evenafter skeletalgrowthis eom- 
plete, osteoblasts and osteoelasts aetively maintain and repair 
bone tissue and remodel it aeeording to need. For instanee, a 
right-handed person uses the right arm more than the left arm 
and the right arm bones adapt by beeoming larger and stronger. 
Astronauts (in the absenee of gravity) lose bone mass because 
their bones are no longer subjected to stress. Resorption is also 
neeessary for repair of bone injury. In addition, bone tissue is 
resorbed when the body needs its stored minerals. 

Both the formation and resorption of bone tissue are 
regulated by hormones. Vitamin D, consumed in the diet and 
produced by the skin, promotes calcium absorption from 
the intestine. Parathyroid hormone is produced by the para- 
thyroid glands in the neek (posterior to the thyroid gland). 
Parathyroid hormone stimulates osteoelast aetivity, resulting 
in bone resorption and release of calcium into the blood. The 
sex hormones, estrogen and testosterone, also contribute to 
bone growth and maintenanee. Hormones are discussed more 
fully in Chapter 11. 

The balanee between osteoblast and osteoelast aetivity 
dietates ehanges in bone mass. Bones inerease in density until 
the early 20s in females and the late 20s in males, at which 
point bones are at peak density and strength. Most people 
maintain peak bone density until about age 40. As people 
age, there is a slowing of bone tissue renewal. As a result, the 
bones beeome weaker and damage heals more slowly. 
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raetlire Repail When a bone is fractured, nearby blood 
vessels immediately eonstriet to prevent further bleeding, 
and the blood then forms a elot. Some eells around the 
injury die off, but fibroblasts in the area survive, multiply, 
and contribute to the formation of new eonneetive tissue. 
In a few days, stem eells in the periosteum near the fracture 
site develop into ehondroblasts and produce hyaline earti- 
lage. Meanwhile, periosteal eells farther from the fracture 
point develop into osteoblasts eapable of building a type 
of loosely organized primitive bone tissue, ealled ivoven 
bone. Eventually, these new tissues join to elose the fracture 
gap. The eartilage and woven bone then ossify into spongy 
bone, restoring some bone strength. Over the next several 
years, osteoelasts resorb the spongy bone and osteoblasts 
replaee it with eompaet bone. To smnmarize, the steps in 
fracture repair are first reaetion, involving hemostasis and 
an inflammatory response; seeond the repair of the damage; 
and finally remodeling of new tissue into eompaet bone. 

Treatment of a serious fracture, as in Reggie’s ease, 
requires repositioning of the bone and stabilization. Faetors 
that affeet healing include the nature and extent of the break, 
as well as a person’s nutritional status, age, and general 
health. Healing may be promoted by injeetable, synthetie 
bone eements or by applieation of an external magnetie field. 



C7\SEP0MT 

6-3 During the healing proeess of Reggie's fracture, which eell 
type would produce new bone tissue? 


See the Student Resources on thePoint to view the 
animation “Bone Growth,” showing the growth 
proeess in a long bone. 


BONE MARKINGS 

In addition to their general shape, bones have other dis- 
tinguishing features, or bone markings. These markings 
include raised areas and depressions, which help form joints 
or serve as points for nrnsele attaehments, and various holes, 
which allow the passage of nerves and blood vessels. Some 
of these identifying features are deseribed next. 

Projeetions 


Head —a rounded, knoblike end separated from the rest 
of the bone by a slender region, the neek 

Proeess —a large projeetion of a bone 

Condyle (KON-dile)—a rounded projeetion; a small 
projeetion above a eondyle is an epieondyle 

Crest —a distinet border or ridge, often rough, such as 
over the top of the hip bone 

Spine —a sharp projeetion from the surface of a bone, 
such as the spine of the scapula (shoulder blade) 


Depressions or Holes 


Foramen (fo-RA-men)—a hole that allows a vessel or a 
nerve to pass through or between bones. The plural is 
foramina (fo-RAM-ih-nah). 

Sinus (SI-nus)—A eavity or hollow spaee. Most eom- 
monly, an air-filled ehamber found in some skull bones 

(Fig. 6-4). 

Fossa (FOS-sah)—a depression on a bone surface. The 
phiral is fossae (FOS-se). 



Frontal sinus 
Ethmoidal sinus 
Eye orbit 

•Sphenoidal sinus 
Nasal eavity 
Maxillary sinus 
Nasal passages 



A Frontal View 


B Lateral View 


Figure 6-4 


Sirmses. KEY POINT A sinus is a eavity or hollow spaee,such as the air-filled ehambers in 


eertain skull bones.View of the skull showing the sinuses from frontal (A) and lateral (B) aspeets. 
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■ Meatus (me-A-tus)—a short ehannel or passageway, 
usually the external opening of a eanal. An example is 
the ehannel in the skull that leads to the inner ear. 

Examples of these and other markings ean be seen on the 
bones illustrated in this ehapter. 

CHECKPOINTS ^ 

6-5 What are the eenters for seeondary growth of a long 
bone ealled? 

6-6 What are some functions of bone markings? 


See the Student Resources on thePoinf to view bone 
markings on an illustration of a whole skeleton. 


Bones of the Axial Skeleton 

As noted earlier, the skeleton may be divided into two main 
groups of bones (see Fig. 6-1): 

■ The axial (AK-se-al) skeleton eonsists of 80 bones and 
includes the bony framework of the head and the trunk. 
Think of the axial skeleton as the body’s “axis.” 

■ The appendicular (ap-en-DIK-u-lar) skeleton eon- 
sists of 126 bones and forms the framework for the 


extremities (limbs) and for the shoulders and hips. 
Think of the appendicular skeleton as the body’s 
“appendages.” 

We deseribe the axial skeleton first and then proeeed to 
the appendicular skeleton. A table at the end of this see- 
tion summarizes all of the bones deseribed. Also refer baek 
to Figure 6-1 as you study this ehapter. See Box 6-2, “So 
Many Bones, So Little Time....”, for tips about learning 
bone names and features. 


FRAMEW0RK 0F THE SKLILL 

The bony framework of the head, ealled the skull, is subdi- 
vided into two parts: the cranium and the faeial portion. Refer 
to Figure 6-5, which shows different views of the skull, as 
you study the following deseriptions. The individual bones are 
eolor eoded to help you identify them as you study the skull in 
different views. 

Note the many features of the skull bones as you exam- 
ine these illustrations. For example, openings in the base of 
the skull provide spaees for the entranee and exit of many 
blood vessels, nerves, and other structures. Bone projeetions 
and fossae (depressions) provide for muscle attaehment. 
Some portions proteet delieate structures, for example, the 
eye orbit (soeket) and the part of the temporal bone at the 



ONE STEP 









r-\ 


TIME 


Box 6-2 


So Many Bones, So Little Time.... 


Learning skeletal anatomy is the fìrst major 
memorization feat required of most anat- 
omy students. Your body eontains at least 208 bones, eaeh of 
which has numerous distinguishing marks. The responsibility 
for learning all of these bones is lightened somewhat by the faet 
that we are bilaterally symmetrieal; the skeleton ean fìguratively 
be split down the eenter, with equal structures on both sides of 
the midline. This cuts the learning in half. And, ehanees are, your 
instmetor will assign you a speeifìe subset of bones and features 
of these 208 bones. Nevertheless, learning bone anatomy remains 
a daunting task for any student. Reading the textbook and look- 
ing at the images are only the fìrst steps. You don't need to employ 
all of the strategies we propose, but using a variety of learning 
methods ean maximize your retention. We begin with the bones 
featured in the ease study—the bones of the lower limb. 

Step 1 . Find out which details you need to know. Your instmetor 
might provide a list of required bones and bone markings. 

Step 2. Llsing Figure 6-16 as a model, draw a rough sketeh of the 
femur, tibia, and fibula, and label the features you need to know. If 
you don't like to draw, eonsider using a eoloring exercise (see the 
available in the Study Guide). As you label or eolor eaeh bone and 
feature, say the term aloud. Using your visual, auditory, and taetile 
senses togetherwill helpyou remember. 

Step 3. Make up or look online for mnemonies for hard-to- 
remember details. For instanee, to remember which leg bone is 


larger, you ean use Tibia is big like a Tuba, and Fibula is small like a 
Flute. Also, the fibuM is Mteral. 

Step 4. Find the bones and features on your own body or on 
a model skeleton. Make sure that you say the feature aloud as 
you fìnd it. For instanee, you ean palpate the lateral malleolus 
(j mah-LE-o-lus ) ofthefibula and potentiallythegreatertroehanter 
(TRO-kan-ter) of the femur. You ean get inexpensive skeletons 
online (try "Tiny Tim"). 

Step 5. Use flasheards to test your learning. Studies show that 
fìasheards are most effeetive when you make them yourself! 
Draw the structure on an index eard, using numbers for eaeh 
bone and bone feature. Write the answers on the other side 
of the eard. You ean use images from the Study Guide or from 
the Internet if you don't like to draw. Review your flasheards 
often—sitting on the bus, waiting for a friend, or during eom- 
mereial breaks! 

Step 6. Use the online resources provided with your textbookto 
determine which areas need further study. 

Learning skeletal gross anatomy is a eritieal step in your A & P 
education, because you often will learn the eomponents of 
other systems (muscles, arteries, nerves) in relation to the 
bones. For instanee, the radial artery, radial vein, and radial 
nerve are all loeated along the radius of the forearm. Take the 
time to diseover which aetive learning techniques work best 
for you, and they will serve you well in future studies. 
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Bones of the skull: 
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Figure 6-5 


The skull. A. Anterior view. B. Left lateral view. C. Inferior view. The mandible (lower jaw) has been 


removed. D. Sagittal seetion. f J ZOOMING IN What two bones make up eaeh side of the hard palate? What is a 
foramen? What bone makes up the superior and middle eonehae? 
















































ehapter 6 The Skeleton: Bones and Joints 


lateral skull that eneloses the inner ear. The sinuses provide large opening through which the spinal eord attaehes to 

lightness and serve as resonating ehambers for the voiee the brain (see Fig. 6-5C and D). 

(which is why your voiee sounds better to you as you are 

speaking than it sounds when you hear it played baek as a Uniting the skull bones is a type of flat, immovable joint known 

as a suture (SU-chur) (see Fig. 6-5B ). Some of the most promi- 

nent eranial sutures are as follows: 


reeording). 



Granil This rounded ehamber that eneloses the brain 

is eomposed of eight distinet eranial bones. 

■ The frontal bone forms the forehead, the anterior of 
the skull’s roof, and the roof of the eye orbit. The fron- 
tal simises communicate with the nasal eavities ( 

Fig. 6-4). These sinuses and others near the nose are 
deseribed as paranasal sinuses. 

■ The two parietal (pah-RI-eh-tal) bones form most of the 
top and the side walls of the eranimn. 

■ The two temporal bones contribute to the sides and the 
base of the skull. Remember that the temporal bones 
are inferior to the tivo parietal bones, ivhieh form most 
of the top and sides of the skull. Eaeh eontains one ear 
eanal, eardmm, and the ear’s entire middle and inner 
portions. The mastoid proeess of the temporal bone 
projeets downward immediately behind the outer ear 


The eoronal (ko-RO-nal) suture joins the frontal bone 
with the two parietal bones along the eoronal plane. 

The squamous (SKWA-mus) suture joins the temporal 
bone to the parietal bone on the eranimn’s lateral surface 
(named because it is in a flat portion of the skull). 

The lambdoid (LAM-doyd) suture joins the oeeipital 
bone with the parietal bones in the posterior eranimn 
(named because it resembles the Greek letter lambda). 

The sagittal (SAJ-ih-tal) suture joins the two parietal 
bones along the superior midline of the cranium, along 
the sagittal plane. Although this suture is not visible in 
Figiire 6-5B, you ean feel it if you press yom fingertips 
along the top eenter of yom skull. 


Faeial Bones The faeial portion of the skull is eom- 


(see Fig. 6-5B). It is a plaee for muscle attaehments posed of 14 bones (see Fig. 6-5A): 
and eontains air eells (spaees) that make up the mastoid 


sinus (not illustrated). 

The ethmoid (ETH-moyd) bone is a light, fragile bone 
loeated between the eyes (see Fig. 6-5A and C). It 
forms a part of the medial wall of the eye orbit, a small 
portion of the eranial floor, and most of the nasal eavity 
roof. It also forms the superior and middle nasal eon- 
ehae (KON-ke), bony plates that extend into the nasal 
eavity (the name eoneha means “shell”). The mucous 
membranes eovering the eonehae help filter, warm, and 
moisten air as it passes through the nose. The ethmoid 
houses several air eells, eomprising some of the para- 
nasal sinuses. A thin, platelike, downward extension 
of this bone (the perpendicular plate) forms much of 
the nasal septum, the midline partition in the nose ( 

Fig. 6-5A). 

The sphenoid (SFE-noyd) bone, when seen from a supe- 
rior view, resembles a bat with its wings extended ( 

Fig. 6-5D). It lies at the base of the skull anterior to the 
temporal bones and forms part of the eye orbit. It eon- 
tains the sphenoid simises. It also eontains a depression 
ealled the sella turcica (SEL-ah TUR-sih-ka), literally 
“Turkish saddle,” that holds and proteets the pituitary 
gland like a saddle. 

The oeeipital (ok-SIP-ih-tal) bone forms the skull’s 
posterior portion and a part of its base. The foramen 
magnum, loeated at the base of the oeeipital bone, is a 




The mandible (MAN-dih-bl), or lower jaw bone, is the 
skull’s only movable bone. 

The two maxillae (mak-SIL-e) fuse in the midline to 
form the upper jaw bone, including the anterior part of 
the hard palate (roof of the mouth). Eaeh maxilla eon- 
tains a large air spaee, ealled the maxillary sinus, that 
communicates with the nasal eavity. 

The two zygomatie (zi-go-MAT-ik) bones, one on eaeh 
side, form the prominenees of the eheeks. The zygomatie 
forms an areh over the eheek with a proeess of the tem- 
poral bone (see Fig. 6-5B). 

Two slender nasal bones lie side by side, forming the 
bridge of the nose. 

The two laerimal (LAK-rih-mal) bones, eaeh about the 
size of a fingernail, form the anterior medial wall of eaeh 
orbital eavity. 

The vomer (VO-mer), shaped like the blade of a plow, 
forms the inferior part of the nasal septum (see Fig. 6-5A). 

The paired palatine (PAL-ah-tine) bones form the poste- 
rior part of the hard palate (see Fig. 6-5C). 

The two inferior nasal eonehae (KON-ke) extend hori- 
zontally along the lateral wall (side) of the nasal eavities. 
(As noted, the paired superior and middle eonehae are 
part of the ethmoid bone, as shown in -ig. 6-5C.) 


9 *The Miseoneeption Alerts featured in every ehapter of this book are 
derived from eommon errors students make in responding to questions in 
PrepU, an online supplemental review program available separately for this 
text. For information on aeeessing prepU, see pp. xviii-xix of the User’s 
Guide at the front of this text. 


In addition to the eranial and faeial bones, there are three tiny 
bones, or ossieles (OS-sik-ls), in eaeh middle ear (see Chapter 
10), and just below the mandible (lower jaw), a single horseshoe, 
or U-shaped, bone ealled the hyoid (Hl-oyd) bone, to which the 
tongue and other muscles are attaehed (see Fig. 6-5B). 
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Figure 6-6 


Infant skull, showing fontanels. KEY POINT 


Fibrous membranes between the skull bones allow the skull to 
eompress during ehildbirth. Sutures later form in these areas. 
ZOOMING IN Which is the largest fontanel? 


Infan The infant’s skull has areas in which the bone 

formation is ineomplete, leaving membranous “soft spots,” 
properly ealled fontanels (fon-tah-NELS) (also spelled fon- 
tanelles) ( r ig. 6-6). These flexible regions allow the skull to 
eompress and ehange shape during the birth proeess. They 
also allow for rapid brain growth during infaney. Although 
there are a number of fontanels, named for their loeation or 
the bones they border, the largest and most reeognizable is 
near the front of the skull at the junction of the two parietal 
bones and the frontal bone. This anterior fontanel usually 
does not elose until the ehild is about 18 months old. 


See the Student Resources on thePoint® for a sum- 
mary table of the eranial and faeial bones and fig- 
ures on the skeletal features of the head and neek. 


FRAMEW0RK 0F THE TRIINK 

The bones of the trunk include the spine, or vertebral (VER- 
teh-bral) column, and the bones of the ehest, or thorax 
(THO-raks). 


Vertebral Coll This bony sheath for the spinal eord 
is made of a series of irregularly shaped bones. These num- 
ber 33 or 34 in the ehild, but because of fusions that occur 
later in the lower part of the spine, there usually are just 
26 separate bones in the adult spinal column. Figure 6-7A 
shows a lateral view of the vertebral column. 

Eaeh vertebra (VER-teh-brah) (aside from the first two) 
has a drum-shaped body loeated anteriorly (toward the 
front) that serves as the weight-bearing part; disks of earti- 
lage between the vertebral bodies absorb shoek and provide 
flexibility ( r ig. 6-7A and B). In the eenter of eaeh vertebra is 
a large hole, the vertebral foramen. When all the vertebrae 
are linked in series by strong eonneetive tissue bands (liga- 
ments), these spaees form the spinal eanal, a bony eylinder 
that proteets the spinal eord. Projeeting posteriorly (toward 
the baek) from the bony areh that eneireles the spinal eord is 
the spinous proeess, which usually ean be felt just under the 
skin of the baek. Projeeting laterally is a transverse proeess on 
eaeh side. These proeesses are attaehment points for muscles. 
Other proeesses form joints with adjaeent vertebrae. A lat- 
eral view of the vertebral column shows a series of interver- 
tebral foramina, formed between the vertebrae as they join 
together. Spinal nerves emerge from the spinal eord through 
these openings (see Fig. 6-7A). 

The bones of the vertebral column are named and num- 
bered from superior to inferior and aeeording to loeation. 
There are five groups: 

■ The eervieal (SER-vih-kal) vertebrae, seven in number 
(C1 to C7), are loeated in the neek. The first vertebra, 
ealled the atlas, supports the head ( r ig. 6-7C). (This ver- 
tebra is named for the mythologie eharaeter who was 
able to support the world in his hands.) When you nod 
your head, the skull roeks on the atlas at the oeeipital 
bone. The seeond eervieal vertebra, the axis ( r ig. 6-7C), 
serves as a pivot when you turn your head from side 
to side. It has an upright toothlike part, the dens, that 
projeets into the atlas as a pivot point. The absenee of a 
body in these vertebrae allows for the extra movement. 
Only the eervieal vertebrae have a hole in the transverse 
proeess on eaeh side (see Fig. 6-7B and C). These trans- 
verse foramina aeeommodate blood vessels and nerves 
that supply the neek and head. 

■ The thoraeie vertebrae, 12 in number (T1 to T12), are 
loeated in the ehest. They are larger and stronger than 
the eervieal vertebrae and have a longer spinous proeess 
that points downward (see Fig. 6-7B). The posterior 
ends of the 12 pairs of ribs are attaehed to the transverse 
proeesses of these vertebrae. 

■ The lumbar vertebrae, five in number (L1 to L5), are 
loeated in the small of the baek. They are larger and 
heavier than the vertebrae superior to them and ean 
support more weight (see Fig. 6-7A). All of their pro- 
eesses are shorter and thieker. 

■ The saeral (SA-kral) vertebrae are five separate bones in 
the ehild. They eventually fuse to form a single bone, 
ealled the saemrn (SA-krum), in the adult. Wedged 
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Figure 6-7 


The vertebral column and vertebrae. A. Vertebral column, left lateral view. B. Features of the 


vertebrae. The blue areas on the vertebrae show points of eontaet with other bones. C. Atlas and axis, superior view. 
Thefìrst two eervieal vertebrae are adapted to support the skull and allowfor movements ofthe head in different 


direetions. KEY POINT The adult spine has fìve regions and four curves. j! ZOOMING IN From an anterior view, 
which group(s) of vertebrae form a convex curve? Which vertebrae are the largest and heaviest? Why? 


between the two hip bones, the sacrum eompletes the 
posterior part of the bony pelvis. 

■ The eoeeygeal (kok-SIJ-e-al) vertebrae eonsist of four or 
five tiny bones in the ehild. These later fuse to form a sin- 
gle bone, the coccyx (KOK-siks), or tail bone, in the adult. 

Curves Of the Spine When viewed from the side, the 

adult vertebral column shows four curves, eorresponding 
to the four vertebral groups (see Fig. 6-7A). In the fetus, 
the entire column is eoneave forward (like a letter U C” and 
your spine when you assume a “fetal position”). This is the 
primary curve. 


When an infant begins to assume an ereet posture, see- 
ondary curves develop. The eervieal curve is convex and 
appears as the baby holds its head up at about 3 months of 
age. The lumbar curve is also convex and appears when the 
ehild begins to walk. The thoraeie and saeral curves remain 
the two primary eoneave curves. These curves of the vertebral 
column provide some of the resilienee and spring so essential 
in balanee and movement. 

Thorax The bones of the thorax form a eone-shaped 
eage ( -'ig. 6-8). Twelve pairs of ribs form the bars of this 
eage, eompleted anteriorly by the sternum (STER-num), 
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Figure 6-8 


Bonesofthethorax,anteriorview. KEY POINTThefìrstseven pairs 


of ribs are the true ribs; pairs 8 through 12 are thefalse ribs, of which the lasttwo pairs are also 


ealled floating ribs. 



ZOOMING IN To what bones do the eostal eartilages attaeh? 


or breastbone. These bones enelose and proteet the heart, 
lungs, and other organs eontained in the thorax. 

The superior portion of the sternum is a roughly triangu- 
lar manubrium (mah-NU-bre-um) that joins laterally on the 
right and left with a elaviele (eollarbone). (The name manu- 
brium eomes from a Latin word meaning “handle.”) The 
point on the manubrium where the elaviele joins ean be seen 
on Figure 6-8 is the clavicular noteh. Laterally and inferiorly, 
the manubrium joins with the anterior ends of the first pair of 
ribs. The sternmn’s body is long and bladelike. It joins along 
eaeh side with ribs two through seven. Where the manubrium 
joins the body of the sternum, there is a slight elevation, the 
sternal angle, which easily ean be felt as a surface landmark. 

The inferior end of the sternum eonsists of a small tip 
that is made of eartilage in youth but beeomes bone in the 
adult. This is the xiphoid (ZIF-oyd) proeess. It is used as a 
landmark for cardiopulmonary resuscitation (CPR) to loeate 
the region for ehest eompression. 

All 12 ribs on eaeh side are attaehed to the vertebral eol- 
umn posteriorly. However, variations in the anterior attaeh- 
ment of these slender, curved bones have led to the following 
elassifieation: 

■ True ribs, the first seven pairs, are those that attaeh 
direetly to the sternum by means of individual extensions 
ealled eostal (KOS-tal) eartilages. 

■ False ribs are the remaining five pairs. Of these, the 
eighth, ninth, and lOth pairs attaeh to the eartilage of 
the rib above. The last two pairs have no anterior attaeh- 
ment at all and are known as floating ribs. 

The spaees between the ribs, ealled intereostal spaees , eontain 
muscles, blood vessels, and nerves. 


CHECKPOINTS © 

6-7 VVhat bones make up the skeleton of the trunk? 

6-8 VVhat are the fìve regions of the vertebral column? 

Bones of the Appendicular 
Skeleton 

The appendicular skeleton includes an upper division and a 
lower division. The upper division on eaeh side includes the 
shoulder, the arm (between the shoulder and the elbow), the 
forearm (between the elbow and the wrist), the wrist, the 
hand, and the fingers. The lower division includes the hip 
(part of the pelvie girdle), the thigh (between the hip and the 
knee), the leg (between the knee and the ankle), the ankle, 
the foot, and the toes. 

THE UPPER DIVISION OFTHE 
APPENDICULAR SKELETON 

The bones of the upper division may be divided into two 
groups, the shoulder girdle and the upper extremity. 

The Shoillder Girdle The shoulder girdle eonsists of 
two bones (Fig. 6-9). 

■ The elaviele (KLAV-ih-kl), or eollarbone, is a slender 
bone with two shallow curves. It joins the sternum ante- 
riorly and the scapula laterally and helps to support the 
shoulder. Because it often reeeives the full foree of falls 
on outstretched arms or of blows to the shoulder, it is the 
most frequently broken bone. 
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Figiire 6-9 


The shoulder girdle. KEY POINT The shoulder girdle eonsists of the elaviele and 


scapula. A. Bones of the right shoulder girdle, anterior view. B. Scapula, posterior view. C. Scapula, lateral 
view. ZOOMING IN What does the prefìx supra- mean? What does the prefìx infra- mean? 


The scapula (SKAP-u-lah), or shoulder blade, is shown 
from anterior and posterior views in -igure 6-9. The 
spine of the scapula is the posterior raised ridge that 
ean be felt behind the shoulder in the upper portion of 
the baek. Muscles that move the arm attaeh to fossae 
(depressions), known as the supraspinous fossa and the 
infraspinous fossa, superior and inferior to the scapu- 
lar spine. The aeromion (ah-KRO-me-on) is the proeess 
that joins the elaviele. You ean feel this as the highest 
point of your shoulder. Below the aeromion, there is a 
shallow soeket, the glenoid eavity, that forms a ball-and- 
soeket joint with the arm bone (humerus). Medial to the 


glenoid eavity is the eoraeoid (KOR-ah-koyd) proeess, 
to which arm and ehest muscles and ligaments attaeh. 

The llpper Extremity The upper extremity is also ealled 

the upper limb, or simply the arm, although teehnieally, the 
arm is only the region between the shoulder and the elbow. 
The region between the elbow and wrist is the forearm. The 
upper extremity eonsists of the following bones: 

■ The proximal bone is the humerus (HU-mer-us), or arm 
bone (Fig. 6-10). The head of the humerus articulates 
(forms a joint) with the glenoid eavity of the scapula. The 
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Figure 6-10 


Bonesoftheupperextremity. KEY POINTTheupperextremityconsistsofthearm andforearm. 


A. The humerus of the right arm in anterior and posterior view. B.The radius and ulna of the rightforearm in anterior and 
posteriorview. ZOOMING IN Whatisthe medial boneoftheforearm? 
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Supine Prone 


Figure 6-11 


Movements of the forearm. KEY POINT 


When the palm is supine (faeing up or forward),the radius and ulna 
are parallel. When the palm is prone (faeing down or to the rear),the 
radius erosses over the ulna. 


distal end has a projeetion on eaeh side, the medial and 
lateral epieondyles (ep-ih-KON-diles), to which tendons 
attaeh, and a midportion, the troehlea (TROK-le-ah), 
that forms a joint with the ulna of the forearm. (The 
name eomes from a word that means “pulley wheel” 
because of its shape.) 

■ The forearm bones are the ulna (UL-nah) and the radms 
(RA-de-us). In the anatomie position, the ulna lies on 
the medial side of the forearm in line with the little fin- 
ger, and the radius lies laterally, above the thumb (see 
Fig. 6-10). When the forearm is supine, with the palm 
up or forward, the two bones are parallel; when the 
forearm is prone, with the palm down or baek, the dis- 
tal end of the radius rotates around the ulna so that the 
shafts of the two bones are erossed ( 'ig. 6-11). In this 
position, a distal projeetion (styloid proeess) of the ulna 
shows at the outside of the wrist. 

The proximal end of the ulna has the large oleeranon 
(o-LEK-rah-non), a proeess that forms the point of the elbow 
( ’ig. 6-12). At the posterior elbow joint, the oleeranon fits into 
a depression of the distal humerus, the oleeranon fossa. The 
troehlea of the distal humerus fits into the ulna’s deep troehlear 
noteh, allowing a hinge aetion at the elbow joint. This ulnar 
depression, because of its deep half-moon shape, is also known 
as the semilunar noteh (see Fig. 6-12). 

■ The wrist eontains eight small earpal (KAR-pal) bones 
arranged in two rows of four eaeh. The names of these 
eight different bones are given in -igure 6-13. Note that 
the anatomie wrist, eomposed of the earpal bones, is 
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Figure 6-12 




Leftelbow, lateral view. . ZOOMING IN What 


part of what bone forms the bony prominenee of the elbow? 


actually the heel of the hand. We wear a “wristwatch” 
over the distal ends of the radius and ulna. 

Five metaearpal bones are the framework for the palm of 
eaeh hand. Their rounded distal ends form the kmiekles. 

There are 14 phalanges (fah-LAN-jeze), or finger bones, 
in eaeh hand, two for the thumb and three for eaeh finger. 
Eaeh of these bones is ealled a phalanx (FA-lanx). They are 
identified as the proximal, which is attaehed to a metaear- 
pal; the middle; and the distal. Note that the thumb has 
only two phalanges, a proximal and a distal (see Fig. 6-13). 
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Figure 6-13 


Bones of the right hand, anterior view. 


ZOOMING IN How many phalanges are there on eaeh hand? 
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See the Student Resources on thePoint® for figures on 
the skeletal features of the upper extremity. 


THE L0WER DIVISION OF THE 
APPENDICULAR SKELETON 

The bones of the lower division also fall into two groups, the 
pelvis and the lower extremity. 

The Pelvie Bones The hip bone, or os coxae, begins 
its development as three separate bones that later fuse 
( = ig. 6-14). These individual bones are the following: 

■ The ilirnn (IL-e-um) forms the upper, flared portion. The 
iliae (IL-e-ak) erest is the curved rim along the ilium’s supe- 
rior border. It ean be felt just below the waist. At either 
end of the erest are two bony projeetions. The most 
prominent of these is the anterior superior iliae spine, 
which is often used as a surface landmark in diagnosis 
and treatment. 

■ The ischium (IS-ke-um) is the lowest and strongest part. 
The isehial (IS-ke-al) spine at the posterior of the pelvie 
outlet is used as a referenee point during ehildbirth to 
indieate the progress of the presenting part (usually the 
baby’s head) down the birth eanal. Just inferior to this 
spine is the large isehial tuberosity, which helps support 
the trunk’s weight when a person sits down. You may 
sometimes be aware of this isehial projeetion when sit- 
ting on a hard surface for a while. 

■ The pubis (PU-bis) forms the anterior part of the 
os coxae. The joint formed by the union of the two 
hip bones anteriorly is ealled the pubic symphysis 


(SIM-fih-sis). This joint beeomes more flexible late in 
pregnaney to allow for passage of the baby’s head dur- 
ing ehildbirth. 

Portions of all three pelvie bones contribute to the formation 
of the acetabulum (as-eh-TAB-u-lum), the deep soeket that 
holds the head of the femur (thigh bone) to form the hip joint 

(see Fig. 6-14). 

The largest foramina in the entire body are found near 
the anterior of eaeh hip bone on either side of the pubic sym- 
physis. This opening is named the obturator (OB-tu-ra-tor) 
foramen (see Fig. 6-14), referring to the faet that it is par- 
tially elosed by a membrane and has only a small opening for 
passage of blood vessels and a nerve. 

The two ossa coxae join in forming the pelvis, a strong 
bony girdle eompleted posteriorly by the saemrn and coccyx 
of the spine. The pelvis supports the trunk and surrounds the 
organs in the pelvie eavity, including the urinary bladder, the 
internal reproductive organs, and parts of the intestine. 

The female pelvis is adapted for pregnaney and ehild- 
birth (Fig. 6-15). Some ways in which the female pelvis differs 
from that of the male are as follows: 

■ It is lighter in weight. 

■ The ilia are wider and more flared. 

■ The pubic areh, the anterior angle between the pubic 
bones, is wider. 

■ The pelvie inlet, the upper opening, bordered by the 
pubic joint and saemrn, is wider and more rounded. 

■ The pelvie outlet, the lower opening, bordered by the 
pubic joint and coccyx, is larger. 

■ The saemm and coccyx are shorter and less curved. 
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Figure 6-14 


The pelvie bones. _ KEY POINTThe hip bone, oroscoxae, isformed ofthreefused bones. A. Anterior 


view. B. Lateral viewshowing the joining of the three pelvie bones toform the acetabulum. ( J 1 ZOOMING IN What bone 


is nieknamed the"sit bone?" 
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Figure 6-15 


Comparison of male and female pelvis, anterior view. KEY POINT The female pelvis is 


adapted for pregnaney and ehildbirth. Note the broader angle of the pubic areh and the wider pelvie outlet in the female 
Also,the ilia are wider and more flared;the sacrum and coccyx are shorter and less curved. 


he Lower Extremit The lower extremity is also 

ealled the lower limb, or simply the leg, although teehni- 
eally the leg is only the region between the knee and the 
ankle. The portion of the extremity between the hip and 
the knee is the thigh. The lower extremity eonsists of the 
following bones: 


The femur (FE-mer), the thigh bone, is the longest and 
strongest bone in the body. Proximally, it has a large 
ball-shaped head that joins the os coxae ( : ig. 6-16). 
The large lateral projeetion near the head of the femur 
is the greater troehanter (tro-KAN-ter), used as a sur- 
faee landmark. Movements of the greater troehanter ean 
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Figure 6-16 


Bones of the lower extremity. KEY POINTThe lower extremity eonsists ofthethigh and leg. 

A. The femur of the right thigh. B. The tibia and fibula of the right leg. ZOOMING IN What is the lateral bone of 
the leg? Which bone of the leg is weight bearing? 
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indieate the degree of hip mobility. The lesser troehan- 
ter, a smaller elevation, is loeated on the medial side. On 
the posterior surface, there is a long eentral ridge, the 
linea aspera (literally “rough line”), which is a point for 
attaehment of hip muscles. The distal anterior patellar 
surface articulates with the kneeeap. 

The patella (pah-TEL-lah), or kneeeap (see Fig. 6-1), is 
embedded in the tendon of the large anterior thigh muscle, 
the quadriceps femoris, where it erosses the knee joint. It 
is an example of a sesamoid (SES-ah-moyd) bone, a type 
of bone that develops within a tendon or a joint capsule. 

There are two bones in the leg (see Fig. 6-16). Medially 
(on the great toe side), the tibia, or shin bone, is the lon- 
ger, weight-bearing bone. Its proximal surface articulates 
with the distal femur. The tibia has a sharp anterior erest 
that ean be felt as the shin bone. Laterally, the slender fib- 
ula (FIB-u-lah) does not reaeh the knee joint; thus, it is not 
a weight-bearing bone. The medial malleolus (mal-LE-o- 
lus) is a downward projeetion at the tibia’s distal end; it 
forms the prominenee on the inner aspeet of the ankle. 
The lateral malleolus, at the fibula’s distal end, forms 
the prominenee on the outer aspeet of the ankle. Most 
people think of these projeetions as their “ankle bones,” 
whereas, in truth, they are features of the tibia and fibula. 

The structure of the foot is similar to that of the hand. 
However, the foot supports the body’s weight, so it is 
stronger and less mobile than the hand. There are seven 
tarsal bones assoeiated with the ankle and foot. These 
are named and illustrated in Figure 6-1 . The largest of 
these is the calcaneus (kal-KA-ne-us), or heel bone. The 
talus above it forms the ankle joint with the tibia. 

Five metatarsal bones form the framework of the instep, 
and the heads of these bones form the ball of the foot 

(see Fig. 6-17). 
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Tarsal bones 


Cuboid 


Cuneiforms 



Tibia 


Medial 

malleolus 


Tarsal bones 


Talus 


Calcaneus 


Navicular 


bones 


Phalanges 


Bones of the right foot. f j! ZOOMING INWhich 


Figure 6-17 


tarsal bone is the heel bone? Which tarsal bone forms a joint with 
the tibia? 


■ The phalanges of the toes are counterparts of those in the 

fingers. There are three of these in eaeh toe except for the 
great toe, which has only two. 

See Table 6-1 for a summary outline of all the bones of 
the skeleton. It ean be helpful to loeate some of these bones 
and bone markings on your own body. To find out how 
these markings ean be used in healtheare, see Box 6-3, 
“Landmarking: Seeing with Your Fingers.” 



Bones of the Skeleton 


Region 


Bones 


Axial Skeleton 
Skull 

Cranium Cranial bones (8) 

Faeial portion Faeial bones (14) 

Hyoid 


Ossieles 

Trunk 

Vertebral column 
Thorax 

Appendicular Skeleton 

IJpper division 
Shoulder girdle 


Ear bones (3) 

Vertebrae (26) 
Sternum 
Ribs (12 pairs) 


Clavicle 

Scapula 




Deseription 


ehamber enelosing the brain; houses the ear 
and forms part of the eye soeket 

Form the faee and ehambers for sensory organs 

IJ-shaped bone under lower jaw; used for 
muscle attaehments 

Transmit sound waves through middle ear 

Enelose the spinal eord 
Anterior bone of the thorax 
Enelose the organs of the thorax 


Anterior; between sternum and scapula 
Posterior; anehors muscles that move arm 

( eontirmed ) 
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BonesoftheSkeleton (continued) 




Region 


Bones 

Deseription 

Humerus 

Arm bone 

Ulna 

Medial bone of forearm 

Radius 

Lateral bone of forearm 

Carpals (8) 

Wrist bones 

Metaearpals (5) 

Bones of palm 

Phalanges (14) 

Bones of fingers 

Os coxae (2) 

Join sacrum and coccyx of vertebral 
to form the bony pelvis 

Femur 

Thigh bone 

Patella 

Kneeeap 

Tibia 

Medial bone of leg 

Fibula 

Lateral bone of leg 

Tarsal bones (7) 

Ankle bones 

Metatarsals (5) 

Bones of instep 

Phalanges (14) 

Bones of toes 


Upper extremity 


Lower division 
Pelvis 


Lower extremity 


CHECKPOINT 




6-9 What are the four regions of the appendicular skeleton? 


See the Student Resources on thePoint® for figures on 
the skeletal features of the lower extremity. 


C7\SEP0INTS 



6-4 Reggie's fracture extended from the greater troehanter to 
the lesser troehanter. Does it eross the proximal or distal end 
ofthe bone? 

6-5 See Fig.6-2 to revisit the structure of a long bone. Would this 
fracture pass through the medullary eavity? 


The Joints 

An articulation, or joint, is an area of junction or union between 
two or more bones. Joints are elassified into three main types 
aeeording to the degree of movement permitted. The joints 



CLINIC 







PERSPECTIVES 


Box 6-3 


Landmarking: Seeing with Your Fingers 


Most body structures lie beneath the skin, hidden from direet 
view except in disseetion. A technique ealled landmarking 
allows healtheare providers to loeate hidden structures simply 
and easily. Bony prominenees, or landmarks, ean be palpated (felt) 
beneath the skin to serve as referenee points for loeating other 
internal structures. Landmarking is used during physieal exami- 
nations and surgeries, when giving injeetions, and for many other 
elinieal procedures.The lowertipofthesternum,thexiphoid pro- 
eess, is a referenee point in the administration of cardiopulmo- 
nary resuscitation (CPR). 

Praetiee landmarking by feeling for some of the other 
bony prominenees. You ean feel the joint between the man- 
dible and the temporal bone of the skull (the temporoman- 
dibular joint, or TMJ) anterior to the ear eanal as you move 
your lower jaw up and down. Feel for the noteh in the ster- 
num (breast bone) between the elavieles (eollar bones). 


Approximately 4 em below this noteh you will feel a bump 
ealled the sternal angle. This prominenee is an important 
landmark because its loeation marks where the traehea splits 
to deliver air to both lungs. Move your fingers lateral to the 
sternal angle to palpate the seeond ribs, important landmarks 
for loeating the heart and lungs. Feel for the most lateral bony 
prominenee of the shoulder, the aeromion proeess of the 
scapula (shoulder blade). Two to three fingerbreadths down 
from this point is the eorreet injeetion site into the deltoid 
muscle of the shoulder. Plaee your hands on your hips and 
palpate the iliae erest of the hip bone. Move your hands for- 
ward until you reaeh the anterior end of the erest, the anterior 
superior iliae spine (ASIS). Feel for the part of the bony pelvis 
that you sit on. This is the isehial tuberosity. This and the ASIS 
are important landmarks for loeating safe injeetion sites in the 
gluteal region. 
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also differ in the type of material between the adjoining bones 

(Table 6-2): 

■ Synarthrosis (sin-ar-THRO-sis). The bones in this type of 
joint are held together so tightly that they eannot move 
in relation to one another. Most synarthroses use fibrous 
tissue to join the bones, so they are often deseribed as 
fibrous joints. An example is a suture between bones of 
the skull. 

■ Amphiarthrosis (am-fe-ar-THRO-sis). This type of joint 
is slightly moveable. For example, the radius and ulna 
are joined by a large band of fibrous tissue that permits 
slight movement, so this joint is a fibrous amphiarthro- 
sis. Most amphiarthroses, however, use eartilage to join 
the bones and are thus deseribed as cartilaginous joints. 
The joint between the pubic bones of the pelvis—the 
pubic symphysis—and the joints between the bodies of 
the vertebrae are examples. 

■ Diarthrosis (di-ar-THRO-sis). Diarthroses are freely 
moveable joints. The bones in this type of joint have 
a potential spaee between them ealled the joint eav- 
ity, which eontains a small amount of thiek, eolor- 
less fluid. This lubricant, synovial fluid, resembles 
uncooked egg white (ov is the root, meaning “egg”) 
and is seereted by the membrane that lines the joint 
eavity. For this reason, diarthroses are also ealled 
synovial (sin-O-ve-al) joints. Most of the body’s 


joints are synovial joints; they are deseribed in more 
detail next. 

MORE AB0UT SYNOVIAL JOINTS 

The bones in freely movable joints are held together 
by ligaments, bands of dense regular eonneetive tissue. 
Additional ligaments reinforee and help stabilize the 
joints at various points (Fig. 6-18). Also, for strength and 
proteetion, there is a joint capsule of eonneetive tissue 
that eneloses eaeh joint and is continuous with the peri- 
osteum of the bones (see Fig. 6-18B). A smooth layer of 
hyaline eartilage ealled the articular (ar-TIK-u-lar) earti- 
lage proteets the bone surfaces in synovial joints. Some 
complex joints may have additional cushioning eartilage 
between the bones, such as the ereseent-shaped medial 
meniscus (meh-NIS-kus) and lateral meniscus in the knee 
joint (Fig. 6-19). Fat may also appear as padding around 
a joint. 

Near some joints are small saes ealled bursae (BER-se), 
which are filled with synovial fluid (see Fig. 6-19). These lie 
in areas subject to stress and help ease movement over and 
around the joints. 

Movement at Synovial Joints Freely movable joints 

allow the articulating bones to move in relation to eaeh 
other. For instanee, bending the knee joint moves the 
leg in relation to the thigh. The speeifie terms deseribing 



Joints 



Type 


Material between the Bones 


Examples 


Immovable (synarthrosis) 


Slightly movable (amphiarthrosis) 


Freely movable (diarthrosis) 


Fibrous: No joint eavity; fibrous 
eonneetive tissue between bones 


No joint eavity; eartilage (or sometimes 
fibrous tissue) between bones 


Joint eavity eontaining synovial fluid 


Sutures between skull bones 


Pubic symphysis; joints between 
vertebral bodies 


Gliding, hinge, pivot, eondyloid, saddle, 
ball-and-soeket joints 
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Ligament 


llium 


Fibrous 



capsule 





Femur 


Lesser 

troehanter 


A Anterior view 


Articular 

eartilage 

Fibrous 

capsule 

Greater 

troehanter 



Femur 


B Seetional view 


Acetabulum 
(of os coxae) 




0 


Synovial 

membrane 


Fibrous 

capsule 


Figure 6-18 


Structure of a synovial joint. 



KEY POINT Connective tissue structures stabilize and proteet 


synovial joints. A. Anterior view of the hip joint showing ligaments that reinforee and stabilize the joint. B. Frontal 
seetion through right hip joint showing proteetive structures. . ZOOMING IN What is the purpose of the greater 
troehanter of the femur? What type of tissue eovers and proteets the ends of the bones? 


movements assume the anatomie position introduced in 
Chapter 1 (see Fig. 1-6). Experiment with moving your 
body in these different direetions as you read these deserip- 
tions and examine the illustrations. There are four kinds 
of angular movement, or movement that ehanges the angle 
between bones ( -ig. 6-20): 

■ Flexion (FLEK-shun) is a bending motion that deereases 
the angle between bones away from the anatomie 
position, as in bending the fingers to elose the hand. 


Arm flexion at the shoulder involves raising the upper 
limb in front of the body, as in raising your hand to 
ask a question. Speeialized terms deseribe flexion at the 
ankle: 

■ Dorsiflexion (dor-sih-FLEK-shun) bends the foot 
upward at the ankle, narrowing the angle between 
the leg and the top of the foot. 

■ Plantar flexion bends the foot so that the toes point 
downward, as in toe daneing. 


■ i 
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A Sagittal seetion 


B Flexed right knee, anterior view 


f' 


Figure 6-19 


\ ‘ y 


view (B). 


The knee joint. Proteetive structures are also shown in both the sagittal seetion (A) and anterior 
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Circumduction 


Figure 6-20 


Movements at synovial joints. _ KEY POINT Synovial joints allow the greatest range of motion. 


All movements are in referenee to the anatomie position. 


■ Extension is a straightening motion that inereases the 
angle between bones and returns the joint toward the 
anatomie position, as in straightening the fingers to 
open the hand. Arm extension lowers the arm from the 
flexed position. In hyperextension, a part is extended 
beyond its anatomie position, as in opening the hand to 
its maximum by hyperextending the fingers or hyperex- 
tending the thigh at the hip in preparation for kieking a 
ball from a standing position. 

■ Abduction (ab-DUK-shun) is movement away from the 
midline of the body, as in moving the arm straight out 
to the side. 

■ Adduction is movement toward the midline of the body, 
as in bringing the arm baek to its original position beside 
the body. 

Speeialized terms deseribe movements of the foot in the lateral 
plane: 

■ Inversion (in-VER-zhun) is the aet of turning the sole 
inward, so that it faees the opposite foot. 

■ Eversion (e-VER-zhun) turns the sole outward, away 
from the body. 

A eombination of angular movements enables one to exe- 
cute a movement referred to as circumduction (ser-kum- 
DUK-shun). To perform this movement, stand with your 
arm outstretched and draw a large imaginary eirele in 
the air. Note the smooth eombination of flexion, abduc- 
tion, extension, and adduction that makes circumduction 
possible. 


Rotation refers to a twisting or turning of a bone on its 
own axis, as in turning the head from side to side to say no. 
Speeialized terms deseribe rotation of the forearm: 

■ Supination (su-pin-A-shun) is the aet of turning the palm 
up or forward. 

■ Pronation (pro-NA-shun) turns the palm down or 
backward. 

Types Of Synovial Joints Synovial joints are elas- 

sified aeeording to the types of movement they allow, as 
deseribed and illustrated in Fable 6-2 . Loeate these types 
of joints on your body and demonstrate the different move- 
ments they allow. Listed in order of inereasing range of 
motion, they are 

■ Gliding joint—two relatively flat bone surfaces slide over 
eaeh other with little ehange in the joint angle. Examples 
are the joints between the tarsal and earpal bones. 

■ Hinge joint—a convex (curving outward) surface of 
one bone fits into the eoneave (curving inward) surface 
of another bone, allowing movement in one direetion. 
Hinge joints allow flexion and extension only. Examples 
are the elbow joint and the joints between the phalanges. 

■ Pivot joint—a rounded or pointed portion of one bone 
fits into a ring in another bone. This joint allows rota- 
tion only, as in the joint between the atlas and axis of 
the eervieal spine or the proximal joint between the 
radius and ulna that allows supination and pronation 
of the forearm. 
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Synovial Joints 




Type of Joint 

Gliding joint 



Hinge joint 



Pivotjoint 




Condyloid joint 



Saddle joint 



Ball-and-soeket joint 



Type of Movement 


Examples 


Joints in the wrist and ankles 

(Figs. 6-13 and 6-17) 


Flat bone surfaces slide over one another 
with little ehange in the joint angle 


Allows movement in one direetion, 
ehanging the angle of the bones at the 
joint, as in flexion and extension 


Allows rotation around the length of the 
bone 


Allows movement in two direetions: 
flexion and extension, abduction and 
adduction 


Like a eondyloid joint, but with deeper 
articulating surfaces and movement 
in three direetions, rotation in addition 
to flexion and extension, abduction 
and adduction 


Allows the greatest range of motion. 
Permits movement in three direetions 
around a eentral point, as in 
circumduction. 


Elbow joint; joints between phalanges of fmgers 
and toes (Figs. 6-12, 6-13, and 6-17) 


Joint between the first and seeond eervieal 
vertebrae; joint at proximal ends of the radius 
and ulna (Figs. 6-7 and 6-11) 


Joint between the oeeipital bone of the skull and 
the íirst eervieal vertebra (atlas) ( : ig. 6-7); 
joint between the metaearpal and the first 
phalanx of the fmger (knuckle) ( J ìg. 6-13) 


Joint between the wrist and the metaearpal 
bone of the thumb ( : ig. 6-13) 


Shoulder joint and hip joint (Figs. 6-9, 6-14, 
and 6-18) 


Condyloid joint—an oval-shaped projeetion of one 
bone fits into an oval-shaped depression on another 
bone. This joint allows movement in two direetions: 
flexion and extension, and abduction and adduc- 
tion. Examples are the joints between the meta- 
earpal bones and the proximal phalanges of the 
fingers. 

Saddle joint—similar to the eondyloid joint, but deeper 
and allowing greater range of motion. One bone fits 
into a saddle-like depression on another bone. It allows 
movement in three direetions: flexion and extension, 
abduction and adduction, and rotation. An example is 
the joint between the wrist and the metaearpal of the 
thmnb. 


■ Ball-and-soeket joint—a ball-like srnfaee of one bone fits 

into a deep cuplike depression in another bone. It allows 
the greatest range of motion in three direetions, as in eir- 
cumduction. Examples are the shoulder and hip joints. 

CHECKPOINTS ^ 

6-10 VVhat are three types of joints based on the degree of 

movement they allow? 

6-11 VVhat is the most freely moveable type of joint? 

C7\SEP0INT ! I 

6-6 Give three terms that deseribe the joint involved in Reggie's 
fracture. 
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Effeets of Aging on the 
Skeletal System 

The aging proeess includes signifieant ehanges in all eon- 
neetive tissues, including bone. There is a loss of calcium 
salts and a deereased ability to form the protein framework 
on which calcium salts are deposited. Cellular metabolism 
slows, so bones are weaker, less dense, and more fragile; 
fractures and other bone injuries heal more slowly. Muscle 
tissue is also lost throughout adult life. Loss of balanee and 
diminished reflexes may lead to falls. Thus, there is a ten- 
deney to deerease the exercise that is so important to the 
maintenanee of bone tissue. 

Changes in the vertebral column with age lead to a 
loss in height. Approximately 1.2 em (about 0.5 in) are lost 
eaeh 20 years beginning at 40 years of age, owing primar- 
ily to a thinning of the intervertebral disks (between the 


bodies of the vertebrae). Even the vertebral bodies them- 
selves may lose height in later years. The eostal (rib) earti- 
lages beeome ealeified and less flexible, and the ehest may 
deerease in diameter by 2 to 3 em (about 1 in), mostly in the 
lower part. 

At the joints, reduction of eollagen in bone, tendons, 
and ligaments contributes to the diminished flexibility so 
often experienced by older people. Thinning of articular 
eartilage and loss of synovial fluid may contribute to joint 
damage. By the proeess of ealeifieation, minerals may be 
deposited in and around the joints, espeeially at the shoul- 
der, causing pain and limiting mobility. 


See the Student Resources on thePoinf for informa- 
tion on eareers in radiology, a method used to deteet 
bone injuries and disorders. 


A & P in Aetion Revisited 


Reggie ’s Fraetme Begins to Heal Itself 

"So, Doc, what's the ehanee my leg's going to heal up 
enough to pLay footbaLL again?" asked Reggie. 

"WeLL," repLied the doetor, "It's going to take some 
time before you're eatehing footbaLLs again, but onee 
your hip heaLs, it wiLL be better than new." 

The surgeon knew that even before the surgery 
to reaLign its broken ends, Reggie's femur had aLready 
begun to heaL itseLf, as deseribed earLier in the text. 
ImmediateLy after the injury occurred on the footbaLL 
fieLd, a bLood eLot formed around the fracture. Over the 
next severaL weeks, fibrobLasts and ehondrobLasts that 
invaded the eLot wouLd produce eoLLagen and eartiLage, 
Laying down the matrix for deveLopment of mature bone 


tissue. Continuing Long after the initiaL injury, osteo- 
eLasts and osteobLasts wouLd work together to form 
eompaet bone at the fracture site, resuLting in a repair 
even stronger than the originaL bone tissue. Reggie's 
fracture, though serious, wiLL have a good ehanee of 
heaLing weLL because of his youth and generaL state of 
good heaLth. 

During this ease, we saw how fractured bones are 
repaired using screws and pLates. We aLso saw that 
the body has its own "orthopedie surgeons"—eeLLs 
Like osteobLasts and osteoeLasts, which ean engineer a 
strong and effeetive bone repair. 
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CHAPTER 



Chapter Wrap-Up 


Summary Overvievv 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


amphiarthrosis 

endosteum 

osteoblast 

skeleton 

articulation 

epiphysis 

osteoelast 

synarthrosis 

bursa 

extremity 

osteoeyte 

synovial 

circumduction 

fontanel 

osteon 


diaphysis 

joint 

periosteum 


diarthrosis 

marrow 

resorption 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Bones 

-elast 

break 

An osteoelast breaks down bone in the proeess of resorption. 

dia- 

through, between 

The diaphysis , or shaft, of a long bone is between the two ends, or 
epiphyses. 

oss, osse/o 

bone, bone tissue 

Osseons tissue is another name for bone tissue. 

oste/o 

bone, bone tissue 

The periostenm is the fibrous membrane around a bone. 

Bones of the Axial Skeleton 

eost/o 

rib 

intereostal spaees are loeated between the ribs. 

para- 

near 

The paranasal sinuses are near the nose. 

pariet/o 

wall 

The parietal bones are the side walls of the skull. 

Bones of the Appendienlar Skeleton 

infra- 

below, inferior 

The infraspinons fossa is a depression inferior to the spine of the 
scapula. 

meta- 

near, beyond 

The metaearpal bones of the palm are near and distal to the earpal 
bones of the wrist. 

supra- 

above, superior 

The siipraspinoiis fossa is a depression superior to the spine of the 
scapula. 

The Joints 

ab- 

away from 

Abdnetion is movement away from the midline of the body. 

ad- 

toward, added to 

Addnetion is movement toward the midline of the body. 

amphi- 

on both sides, around, 
double 

An amphiarthrosis is a slightly movable joint. 

arthr/o 

joint, articulation 

A synarthrosis is an immovable joint, such as a suture. 

circum- 

around 

Circumduction is movement around a joint in a eirele. 


Quest ons for Study and Review 

BLflLDING LINDERSTANDING 


4 . Bones are eovered by a eonneetive tissue membrane ealled 


5 . Bone eells aetive in resorption are 


Fill in the Blanks 

1. The shaft of a long bone is ealled the_ 

2 . The structural unit of eompaet bone is the 

3 . Red bone marrow manufactures 
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Matehing > Mateh eaeh niimbered item with the most elosely related lettered item. 


6. A rounded bony projeetion 

a. eondyle 

7. A sharp bony prominenee 

b. sinus 

8. An air-filled spaee in bone 

C. fossa 

9. A bony depression 

d. meatus 

10. A short ehannel or passageway in bone 

e. spine 


Mnltiple Choice 

_ 11. Where is the growth plate of a long bone loeated? 

a. epiphysis 

b. artieiilar eartilage 
C. marrow eavity 

d. endosteum 

_ 12. Which bone eontains the foramen magnum? 

a. temporal 

b. hyoid 

C. oeeipital 

d. fibula 

_ 13. Your anatomy teaeher exclaims “Ouch! I bmised my 

oleeranon!” Which part did she injure? 

a. big toe 

b. ankle 
C. elbow 
d. tailbone 

LINDERSTANDING CONCEPTS 

16. List five functions of bone, and deseribe how a long 
bone’s structure enables it to earry out eaeh of these 
functions. 

17. Explain the differenees between the terms in eaeh of the 
following pairs: 

a. osteoblast and osteoeyte 

b. red marrow and yellow marrow 
C. eompaet bone and spongy bone 

d. synarthrosis and amphiarthrosis 

e. periosteum and endosteum 

18. Discuss the proeess of long bone formation during fetal 
development and ehildhood. What role does resorption 
play in bone formation? 

19. Name the five groups of vertebrae. Explain how the 
different structures of the different vertebrae eorrespond 
to their functions. 

20. Referring to the “The Body Visible” at the beginning of 
the book give the name and number of the following: 

a. large proximal projeetion of the thigh bone 

b. lower jaw 

C. projeetion that forms the elbow 

d. erest of the os coxae 

e. inferior proeess of the sternum 

f. medial and distal projeetion of the tibia 


14. Which type of joint is freely moveable? 

a. arthrotie 

b. amphiarthrotie 
C. diarthrotie 

d. synarthrotie 

15. What kind of synovial joint is between the atlas and 


axis? 

a. 

gliding 

b. 

hinge 

e. 

saddle 

d. 

pivot 


21. The normal range for blood calcium levels is 

8.8 to 10.0 mg/dL. Give two possible reasons for 
excess blood calcium levels. What is the meaning of the 
abbreviation dL? (The Student Resources for Chapter 1 
on thePoint has this information.) How many mL are 
in a dL? 

22. Deseribe the structure of a synovial joint. Explain how 
the structure of synovial joints relates to their function. 

23. What is circumduction? What type of joint allows for 
circumduction, and where are such joints loeated? 

24. Name three effeets of aging on the skeletal system. 

25. List the structural differenee between the male pelvis and 
the female pelvis. 

26. Differentiate between the terms in eaeh of the following 
pairs: 

a. flexion and extension 

b. abduction and adduction 
C. supination and pronation 

d. dorsiflexion and plantar flexion 

e. circumduction and rotation 

f. inversion and eversion 
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CONCEPTUAL THINKING 


27. Nine-year-old Alek is admitted to the emergeney room 
with a elosed fracture of the right femur. Radiography 
reveals that the fracture erosses the distal epiphyseal 
plate. What eoneerns should Alek’s healtheare team have 
about the loeation of his injury? 

28. The vertebral bodies are much larger in the lower baek 
than the neek. What is the functional signifieanee of this 
structural differenee? 

For more questions, see the Learning Aetivities on 

thePoint®. 







CHAPTER 


i ne muscuiar jysi 




Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

Compare the three types of muscLe 
tissue. p. 124 

2 Deseribe three functions of skeLetaL 

muscLe. p. 124 

3 Deseribe the structure of a skeLetaL 

muscLe to the LeveL of individuaL eeLLs. 

p. 125 

4 ► OutLi ne the steps in skeLetaL muscLe 

eontraetion. p. 126 

5 ► List compounds stored in muscLe eeLLs 

that are used to generate energy. p. 129 

6 ► ExpLain what happens in muscLe eeLLs 

eontraeting anaerobieaLLy. p. 130 

7 ► Cite the effeets of exercise on muscLes. 

p. 130 

8 ► Compare isotonie and isometrie 

eontraetions. p. 131 

9 ► ExpLain how muscLes work together to 

produce movement. p. 132 

10 Compare the workings of muscLes and 

bones to Lever systems. p. 133 

11 ► ExpLai n how muscLes are named. p. 134 

12 ► Name some of the major muscLes in eaeh 

muscLe group, and deseribe the Loeations 
and functions of eaeh. p. 134 

13 Deseribe how muscLes ehange with age. 

p. 144 

14 ► llsing information in the text, List the 

major muscLes invoLved in waLking and 
breathing, muscLes that are typieaLLy 
affeeted in eases of muscuLar dystrophy. 

pp. 123 r 145 

15 ► Show how word parts are used to buiLd 

words reLated to the muscuLar system 
(see Word Anatomy at the end of the 
ehapter). p. 147 
















A & P líl AetlOl Shane’s Dayeare Ineident 



Mrs. Anderson. It's Annie Beaumont at the 
dayeare eenter. We think everything is 
OK, but Shane fell off a smaLl pLastie 
sLide this morning, and we think you 
shouLd take a Look at him and maybe 


have him eheeked by his doetor. 


rr 


Two-year-oLd Shane had started 
dayeare a few days earLier. His mother 
Kathy, a singLe working parent, had 
been using babysitters to watch him 
sinee he was 2 months oLd. This year, 
she fett it was time to enroLL him in a dayeare program and 
was abLe to register him at a reputabLe eenter near the eity, 
not too far from where she worked. She was excited that he 
wouLd be abLe to pLay with other ehiLdren, as there weren't 
many soeiaL opportunities for him where they Lived and with 
her work scheduLe. She was hoping the teaehers and a more 
structured daytime environment wouLd benefit Shane untiL 
she got home from work and couLd eare for him herseLf. 

"Everything is probabLy fine/' Ms. Beaumont toLd Kathy 
when she arrived at the eenter. "We're just eoneerned that 
Shane had a difficuLt time standing up when he feLL, and just 
to be safe, we think he shouLd be evaLuated by his physieian." 

Laterthat afternoon, Shane's pediatrieian, Dr. Sehroeder, 
Listened to Kathy as she deseribed the dayeare eenter ineident 


as it had been reLated to her. Then he examined Shane for 
any injuries that may have occurred from the faLL. During the 
evaLuation, he observed Shane's voLuntary movements. He 
notieed that the boy's eaLf muscLes were enLarged (pseudohy- 
pertrophie), and his thighs were thin. He asked Shane to sit 
on the fLoor and then stand up. Shane had to use his hands 
and arms to "waLk" up his own body (Gowers sign), refLeeting 
weak thigh muscLes. Dr. Sehroeder took Kathy into his offiee 
and taLked to her privateLy. 

"I haven't seen Shane in some time for his weLL eheek- 
ups," the doetor said. 

"He has seemed heaLthy so I didn't think it was neees- 
sary," Kathy repLied. 

"The faLL didn't resuLt in any injury, but after evaLuating 
Shane I am eoneerned that his muscLes are underdeveLoped," 
Dr. Sehroeder said. "This may have Led to the faLL. I want to 
do some more tests to figure out why Shane's muscLes are 
weak. Let's start with a bLood test and go from there." 

Dr. Sehroeder suspected that Shane had a eondition 
eaLLed Duchenne muscuLar dystrophy or DMD, a hereditary 
disease that causes damage to muscLe eeLLs. In this ehap- 
ter, we wiLL Learn about muscLe tissue and how it interaets 
with the nervous system to produce movement. Later in the 
ehapter, we wiLL find out more on the progression of Shane's 
disease. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES m-A-Qlance 

Visit hePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

Tips for Effeetive Studying 
Web Figure: Muscles of the 
Head and Neek 
Web Figure: Muscles of the 
Shoulder and llpper Torso 
Web Figure: Muscles of the 
llpper Extremity 


Web Figure: Muscles of the 
Lower Extremity 
Animation: The Neuromuscular 
Junction 

Health Professions: Physieal 
Therapist 

Detailed ehapter Outline 
Answers to Questions for Study 
and Review 

Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

Visual Aetivities 
Kinesthetie Aetivities 
Auditory Aetivities 


Chapter 7 The Muscular System 1 23 






124 Unit 2 Movement and Support 


A LOOK BACK 

Tbe vohmtary mnseles diseiissed in tbis ebapter attaeb to tbe 
skeleton to ereate tbe movements deseribed in Cbapter 6. At 
tbis time, tve learn mucb more about tbe stmetme and func- 
tion of skeletal muscle, introduced in Cbapter 4, and we will 
see bow neurotransmitters and membrane reeeptors fnnetion 
in mnsele eontraetion. 

Miisele Tissue 

There are three kinds of muscle tissue: smooth, eardiae, and 
skeletal muscle, as introduced in Chapter 4. After a brief 
deseription of all three types ( able 7-1 ), this ehapter eoneen- 
trates on skeletal muscle. 

SMOOTH MUSCLE 

Smooth muscle makes up the walls of the hollow body organs 
as well as those of the blood vessels and respiratory passage- 
ways. It eontraets involuntarily and produces the wavelike 
motions of peristalsis that move substances through a system. 
Smooth muscle ean also regulate the diameter of an opening, 
such as the eentral opening of blood vessels, or produce eon- 
traetions of hollow organs, such as the uterus. 

Smooth muscle fibers (eells) are tapered at eaeh end and 
have a single, eentral nucleus. The eells appear smooth under 
the mieroseope because they do not eontain the visible bands, or 
striations, that are seen in the other types of muscle eells. Smooth 
muscle may eontraet in response to a nerve impulse, hormonal 
stimulation, stretehing, and other stimuli. The muscle eontraets 
and relaxes slowly and ean remain eontraeted for a long time. 


CARDIAC MUSCLE 

Cardiac muscle, also involuntary, makes up the heart’s wall and 
ereates the pulsing aetion of that organ. The eells of eardiae 
muscle are striated, like those of skeletal muscle. They differ in 
having one nucleus per eell and branehing intereonneetions. The 
membranes between the eells are speeialized to allow eleetrie 
impulses to travel rapidly through them, so that eontraetions 
ean be better eoordinated. These speeialized membrane regions 
appear as dark lines between the eells (see Table 7-1) and are 
ealled interealated (in-TER-kah-la-ted) disks, because they are 
“inserted between” the eells. The eleetrie impulses that produce 
eardiae muscle eontraetions are generated within the muscle 
itself but ean be modified by nervous stimuli and hormones. 

SKELETAL MUSCLE 

When viewed under the mieroseope, skeletal muscle eells 
appear heavily striated. The arrangement of protein threads 
within the eell that produces these striations is deseribed later. 
The eells are very long and eylindrieal, and because of their 
great length eompared to other eells, they are often deseribed 
as muscle fibers. They have multiple nuclei per eell because, 
during development, groups of precursor eells (myoblasts) 
fuse to form large multinucleated eells. Eaeh mature muscle 
fiber eontraets as a single unit when stimulated. 

Skeletal muscle is under the eontrol of the nervous 
system division known as the voluntary, or somatie, ner- 
vous system. Because it is under conscious eontrol, skeletal 
muscle is deseribed as voluntary. This muscle tissue usually 
eontraets and relaxes rapidly. 

Skeletal nrnsele is so named because most of these nmseles 
are attaehed to bones and produce movement at the joints. 
There are a few exceptions. The muscles of the abdominal 
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wall, for example, are partly attaehed to other muscles, and the 
muscles of faeial expression are attaehed to the skin. Skeletal 
muscles constitute the largest amount of the body’s muscle tis- 
sue, making up about 40% of the total body weight. This mus- 
cular system is eomposed of more than 600 individual skeletal 
muscles. Although eaeh one is a distinet structure, muscles usu- 
ally aet in groups to execute body movements. 


CHECKPOINT 



7-1 What are the three types of muscle? 


C7\SEP0imS 



7-1 Shane's disorder involved voluntary movements.What 
are the effeetors in voluntary movements? 


7-2 What division of the nervous system eontrols voluntary 
movements? 


The Muscular System 

The three primary functions of skeletal muscles are as follows: 

■ Movement of the skeleton. Muscles are attaehed to bones 
and eontraet to ehange the position of the bones at a joint. 

■ Maintenanee of posture. A steady partial eontraetion 
of muscle, known as muscle tone, keeps the body in 
position. Some of the muscles involved in maintaining 
posture are the large muscles of the thighs, baek, neek, 
and shoulders as well as the abdominal muscles. 


■ Generation of heat. Muscles generate most of the heat 
needed to keep the body at 37°C (98.6°F). Heat is a 
natural byproduct of muscle eell metabolism. When we 
are eold, muscles ean boost their heat output by the 
rapid small eontraetions we know of as shivering. 

MUSCLE STRUCTURE 

In forming whole muscles, individual muscle fibers (eells) are 
arranged in bundles, or faseieles (FAS-ih-kls), held together by 
fibrous eonneetive tissue ( “ig. 7 - ). These layers are as follows: 

■ The endomysmm (en-do-MIS-e-um) is the deepest layer 
of this eonneetive tissue and surrounds the individual 
fibers within faseieles. 

■ The perimysium (per-ih-MIS-e-um) is a eonneetive tissue 
layer around eaeh faseiele. 

■ The epimysmm (ep-ih-MIS-e-um) is a eonneetive tissue 
sheath that eneases the entire muscle. The epimysium 
forms the innermost layer of the deep faseia, the tough, 
fibrous eonneetive tissue membrane that eneloses and 
defines a muscle. 

Note that all these layers are named with prefixes that deseribe 
their position: endo- meaning “within,” peri- meaning “around,” 
and epi- meaning “above.” (These prefixes are added to the root 
my/o, meaning “muscle.”) All of these supporting tissues merge 
to form the tendon, a band of dense regular eonneetive tissue 
that attaehes a muscle to a bone (see Fig. 7-1). 
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Figure 7-1 


Structure of a skeletal musde. 


es 



KEY POINT Muscles are held together by layers of eonneetive tissue.These 


layers merge to form the tendon that attaehes the rrmsele to a bone. A. Muscle structure. B. Muscle tissue seen under a mieroseope. 
Portions of several faseieles are shown with eonneetive tissue eoverings. ZOOMING IN What is the innermost layer of 
eonneetive tissue in a muscle? What layer of eonneetive tissue surrounds a faseiele of rrmsele fìbers? 
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MUSCLE CELLS IN ACTI0N 

Nerve impulses eoming from the brain and the spinal eord 
stimulate skeletal muscle fiber eontraetions (see Chapter 8). 
Because these impulses often stimulate movement, they are 
deseribed as motor impiilses , and the nemons (nerve eells) 
that earry these impulses are deseribed as motor nemons. In 


eontrast, sensory impulses travel in sensory nemons from 
the periphery toward the eentral nervous system. Eaeh 
nernon has a long extension ealled an axon. The axons of 
motor nemons braneh to supply from a few to hundreds of 
individual muscle eells, or in some eases more than 1,000 
(Fig. 7-2A). 
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Figure 7-2 


The neuromuscular junction (NMJ). 


C.l 



KEY POINT Motor neurons stimulate skeletal muscle eells 


at the NMJ. A. A motor axon branehes to stirrmlate multiple muscle fìbers (eells). B. An axon braneh makes eontaet with 
the membrane of a muscle fìber (eell) at the NMJ.C. Enlarged view of the NMJ showing release of neurotransmitter 
(aeetyleholine) into the synaptie eleft. D. Aeetyleholine attaehes to reeeptors in the motor end plate, whose folds 
inerease surface area. E. Eleetron mieroseope photograph of the NMJ. 
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A single neuron and all the muscle fibers it stimulates eon- 
stitute a motor unit. Stimulation of the neuron aetivates all of 
the assoeiated muscle fibers, so stronger or weaker eontrae- 
tions use more or fewer motor units (respeetively). Muscles 
eontaining small motor units (with few muscle fibers) provide 
more eontrol because they ean ehange eontraetion strength in 
small inerements. Muscles eontrolling the hand and the eye, 
for example, eontain small motor units and perform very pre- 
eise movements. Muscles eontaining larger motor units are 
used for maintaining posture or for broad movements, such 
as walking or swinging a tennis racquet. 

The Membrane Potential Understanding how sig- 

nals travel through neurons and muscle eells requires us 
to revisit the ehemieal properties of ions. Both the extra- 
cellular and intracellular fluids eontain large numbers of 
positive and negative ions. For the most part, eaeh nega- 
tive ion ean pair with a positive ion. Just as when we add 
“ + 1” to “-1” to get zero, equal numbers of positive and 
negative ions eaneel eaeh other out. But in a resting eell, 
the intracellular fluid eontains a small excess of negative 
ions, and the extracellular fluid eontains a small excess of 
positive ions. As a result of these unpaired eharges, the 
plasma membrane of a living eell earries a differenee in 
eleetrie eharge (voltage) on either side that is known as a 
membrane (or transmembrane) potential (po-TEN-shal). 
Membrane potential is measured inside the eell, so in rest- 
ing eells, it is negative (about -70 millivolts, or mV). 

Muscle eells and neurons show the property of excit- 
ability, because their membrane potential ean ehange. For 
instanee, the membrane potential beeomes more negative if 
negative ions enter the eell. It beeomes less negative (more pos- 
itive) if positive ions enter the eell to neutralize the unpaired 
negative ions. These ehanges ereate eleetrie signals, because 
they spread along the membrane, much like an eleetrie current 
spreads along a wire. This spreading wave of eleetrie current is 
ealled the aetion potential because it ealls the eell into aetion. 

The Neuromuscular Junction The point at which a 

nerve fiber eontaets a muscle eell is ealled the neuromuscu- 
lar junction (NMJ) (see Fig. 7-2). It is here that a ehemieal 
elassified as a neurotransmitter is released from the neuron 
to stimulate the muscle fiber. The speeifie neurotransmitter 
released here is aeetyleholine (as-e-til-KO-lene), abbreviated 
ACh, which is found elsewhere in the body as well. A great 
deal is known about the events that occur at this junction, and 
this information is important in understanding muscle aetion. 

The NMJ is an example of a synapse (SIN-aps), a point 
of communication between a neuron and another eell (the 
term eomes from a Greek word meaning “to elasp”). At 
every synapse, there is a tiny spaee, the synaptie eleft, aeross 
which the neurotransmitter must travel. Until its release, the 
neurotransmitter is stored in tiny membranous saes, ealled 
vesieles, in the nerve fiber’s endings. Onee released, the 
neurotransmitter erosses the synaptie eleft and attaehes to 
a reeeptor, which is a protein embedded in the muscle eell 
membrane. The muscle eell membrane forms multiple folds 
at this point, and these serve to inerease surface area and hold 
a maximum number of reeeptors. The muscle eell’s reeeiving 
membrane is known as the motor end plate. 


Onee aeetyleholine binds the reeeptor in the motor end 
plate, the bound reeeptor initiates an aetion potential in the 
muscle eell that spreads rapidly along the nrnsele eell mem- 
brane. We will see later how this aetion potential results in 
muscle eontraetion. Chapter 8 provides more information on 
synapses and the aetion potential. 


See the Student Resources on thePoinf to view the 
animation “The Neuromuscular Junction ” 


Oontraetior Another important property of muscle 
tissue is eontraetility. This is a muscle fiber’s eapaeity to 
undergo shortening, beeoming thieker. Studies of muscle 
ehemistry and observation of eells under the powerful elee- 
tron mieroseope have inereased our understanding of how 
muscle eells work. 

These studies reveal that eaeh skeletal muscle fiber 
eontains many threads, or filaments, made primarily of two 
kinds of proteins, ealled aetin (AK-tin) and myosin (MI-o- 
sin). Filaments made of aetin are thin and light; those made 
of myosin are thiek and dark. The filaments are present 
in alternating bundles within the muscle eell ( “ig. 7-3). 
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Figure 7-3 


Detailed structure of a skeletal musde eell. 


KEY POINT A. Photomierograph of skeletal muscle eell (x6,500). 
The light band eonsists solely of aetin. The dark band eonsists of 
myosin alone or myosin overlapping with aetin.The line in the middle 
of the light band marks points where neighboring aetin filaments are 
held together,and indieates the sareomere boundary. A sareomere is 
a eontraeting subunit of skeletal muscle.The sareoplasmie reticulum 
is the ER of rrmsele eells. B. Diagram of the photographie image. 
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It is the alternating bundles of aetin and myosin filaments 
that give skeletal muscle its striated appearanee. 

Note that the aetin and myosin filaments overlap 
where they meet, just as your fingers overlap when you 
fold your hands together. Myosin filaments (or myosin 
overlapping with aetin filaments) show up as dark bands, 
and aetin filaments alone are the light bands. A eontraet- 
ing subunit of skeletal muscle is ealled a sareomere (SAR- 
ko-mere). It eonsists of a band of myosin filaments and 
the aetin filaments on eaeh side (see Fig. 7-3). The myosin 
molecules are shaped like two golf clubs twisted together 
with their paddle-like heads projeeting away from the sar- 
eomere’s eenter. The aetin molecules are twisted together 
like two strands of beads, eaeh bead having a myosin- 
binding site (Fig. 7-4). 

Figure 7-4 shows a seetion of muscle as it eontraets. In 
movement, the myosin heads “lateh on” firmly to the aetin 
filaments in their overlapping region, forming attaehments 
between the filaments that are deseribed as eross-bridges. 
Using the energy of stored adenosine triphosphate (ATP), 
the myosin heads, like the oars of a boat moving water, pull 
all the aetin strands eloser together within eaeh sareomere. 
New ATP molecules trigger the release of the myosin heads 
and move them baek to position for another “power stroke.” 


With repeated movements, the overlapping filaments slide 
together, and the muscle fiber eontraets, beeoming shorter 
and thieker. This aetion is aptly named the sliding filament 
meehanism of muscle eontraetion. Note that the filaments 
overlap inereasingly as the eell eontraets. (In reality, not all 
the myosin heads are moving at the same time. About one- 
half are forward at any time, and the rest are preparing for 
another swing.) During eontraetion, eaeh sareomere beeomes 
shorter, but the individual filaments do not ehange in length. 
As in shuffling a deek of eards, as you push the eards together, 
the deek beeomes smaller, but the eards do not ehange in 
length. 

The Role Of Calcium In addition to aetin, myosin, and 
ATP, calcium is needed for muscle eontraetion. It enables 
eross-bridges to form between aetin and myosin so the 
sliding filament aetion ean begin. When muscles are at rest, 
two additional proteins ealled troponin (tro-PO-nin) and 
tropomyosin (tro-po-MI-o-sin) bloek the sites on aetin fila- 
ments where eross-bridges ean form (Fig. 7-5). When eal- 
cium attaehes to the troponin, these proteins move aside, 
uncovering the binding sites. In resting muscles, the eal- 
cium is not available because it is stored within the eell’s 
endoplasmie reticulum, which, in muscle eells, is ealled the 
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Figiire 7-4 


Sliding fìlament meehanism of skeletal muscle eontraetion. KEY POINT Muscle eontraetion 


depends on the interaetion of aetin and myosin filaments within the eell.A. Muscle is relaxed,and there is no eontaet 
between the aetin and myosin fìlaments. B. Cross-bridges form, and the aetin fìlaments are moved eloser together as 
the rrmsele fiber eontraets. C. The eross-bridges break, and the myosin heads attaeh to new sites to prepare for another 


pull on the aetin fìlaments and further eontraetion. 
length as eontraetion proeeeds? 



ZOOMING IN Do the aetin or myosin fìlaments ehange in 
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Figure 7-5 


Role of ealeiiim in muscle eontraetion. 

KEY POINT Calcium unblocks sites where eross-bridges ean form 
between aetin and myosin fìlaments to begin muscle eontraetion. A. 
Troponin and tropomyosin eover the binding sites where eross-bridges 
ean form between aetin and myosin. B. Calcium shifts troponin and 
tropomyosin away from binding sites so eross-bridges ean form. 


sareoplasmie reticulum (SR). Calcium is released into the 
eytoplasm in response to the aetion potential in the muscle 
eell that we discussed earlier. Muscles relax when nervous 
stimulation stops, and the calcium is pumped baek into the 
SR, ready for the next eontraetion. 

A smnmary of the events in a muscle eontraetion is as 
follows: 

1. ACh is released from a neuron ending into the synaptie eleft 
at the NMJ. 

2. ACh binds to the muscle’s motor end plate and produces an 
aetion potential. 

3. The aetion potential travels to the SR. 

4. The SR releases calcium into the eytoplasm. 

5. Calcium shifts troponin and tropomyosin so that binding 
sites on aetin are exposed. 

6. Myosin heads bind to aetin, forming eross-bridges. 

7. Using stored energy, myosin heads pull aetin filaments 
together within the sareomeres, and the eell shortens. 

8. New ATP is used to detaeh myosin heads and move them 
baek to position for another “power stroke.” 


9. Muscle relaxes when stimulation ends, and the calcium is 
prnnped baek into the SR. 

The phenomenon of rigor mortis, a state of rigidity that occurs 
after death, illustrates ATP’s emeial role in muscle eontraetion. 
Shortly after death, muscle eells begin to degrade. Calcium 
eseapes into the eytoplasm, stimulating eross-bridge formation 
and muscle eontraetion. Metabolism has eeased, however, and 
there is no ATP to disengage the filaments or pump calcium 
out of the eytoplasm. The eross-bridges eannot detaeh, so the 
nrnsele remains loeked in a eontraeted rigor mortis that lasts 
about 24 hours, gradually fading as enzymes break down the 
nrnsele filaments. 


CHECKPOINTS 



7-2 VVhat are the three main functions of skeletal muscle? 

7-3 VVhat are bundles of muscle fibers ealled? 

7-4 VVhat is the term for the differenee in eleetrieal eharge on 
the two sides of a plasma membrane? 


□ 7-5 VVhat is the name of the speeial synapse where a nerve 

eell makes eontaet with a muscle eell? 


7-6 What neurotransmitter is involved in the stirrmlation of 
skeletal muscle eells? 

□ 7-7 VVhat mineral is needed for interaetion of the eontraetile 

fìlaments? 


ensEPOim 



7-3 Shane's disorder affeets a protein that links groups of 
myofìlaments to the rrmsele eell membrane.This ehange 
damages the eells when they eontraet.VVhat are the main 
myofìlaments in rrmsele eells? 


ENERGY S0URCES 

As noted earlier, all muscle eontraetion requires energy in the 
form of ATP. Most of this energy is produced by the oxidation 
(eommonly ealled “bnrning”) of nutrients within the eell, espe- 
eially the oxidation of glucose and fatty aeids. Metabolism that 
requires oxygen is deseribed as aerobie (the root aer/o means 
“air” or “gas,” but in this ease refers to oxygen). 

Storage Compounds The circulating blood eonstantly 
brings nutrients and oxygen to the eells, but muscle eells 
also store a small supply of eaeh for rapid ATP generation, 
such as during vigorous exercise. For example: 

■ Myoglobin (mi-o-GLO-bin) stores oxygen. This eom- 
pound is similar to the hemoglobin in blood, but it is 
loeated speeifieally in muscle eells as indieated by the 
root my/o in its name. 

■ Glyeogen (GLI-ko-jen) is the storage form of glucose. It 
is a polysaeeharide made of multiple glucose molecules, 
and it ean be broken down into glucose when needed by 
the muscle eells. 

■ Fatty aeids are stored as triglyeerides formed into fat 
droplets. These droplets ean be broken down into fatty 
aeids when needed by the muscle eells. 
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Anaerobie Metabolism Oxidation is very effieient and 
yields a large amount of ATP per nutrient molecule, but it 
has some limitations. First, it takes a while to start generat- 
ing ATP, so oxidation eannot supply enough energy for the 
first few seeonds of muscle eontraetion. Seeond, it requires 
an abundant oxygen supply. During strenuous aetivity, oxy- 
gen delivery to the tissues eannot keep up with the demands 
of hard-working muscles. These two situations rely on 
alternate, rapid meehanisms of ATP production that do not 
require oxygen. They are deseribed as anaerobie ( an - means 
“not” or “without”). Note that these anaerobie proeesses 
are always occurring, but they are particularly important at 
the beginning of exercise or during very strenuous exercise. 

1. Breakdown of ereatine (KRE-ah-tin) phosphate. Creatine 
phosphate is a compound similar to ATP in that it has 
a high-energy bond that breaks down to release energy. 
This energy is used to make ATP for nrnsele eontraetion. 
It generates ATP very rapidly, but its supply is limited 
(see Box 7-1). 

2. Anaerobie glyeolysis. This proeess breaks glucose 
down ineompletely without using oxygen (glye/o means 
“glucose” and -lysis means “separation”). A few ATPs 
are generated in these reaetions, as is a byproduct ealled 
laetie aeid, which is later oxidized for energy when oxy- 
gen is available. 

When a person stops exercising, the body must generate 
enough ATP to reestablish a resting state by replenishing 
stored materials. ATP is also needed to restore normal body 
temperature. The person must take in extra oxygen by eon- 
tinued rapid breathing, known as excess postexercise oxygen 
eonsnmption. Chapter 18 has more details on metabolism. 


Mlisele atigue It is eommonly thought that muscles 
tire because they are out of ATP or because laetie aeid 
accumulates. In faet, fatigue in nonathletes frequently 
originates in the nervous system, not the muscles. People 
unaccustomed to strenuous exercise find the sensations it 
generates unpleasant and consciously or unconsciously 
reduce the nervous impulses to skeletal muscles. It is dif- 
ficult to overeome the brain’s inhibition and truly fatigue 
a nrnsele, that is, take it to the point that it no longer 
responds to stinrnli. True muscle fatigue has many causes 
and may depend on individual faetors, fitness and genetie 
makeup for example, and the type of exercise involved. 
These causes include depletion of glyeogen reserves, inad- 
equate oxygen supply, or the accumulation of phosphates 
from ATP breakdown. 

EFFECTS 0F EXERCISE 

Regular exercise results in a number of ehanges in muscle 
tissue as the muscle eells adapt to the inereased workload. 
The ehanges depend on the type of exercise. Resistanee 
training, such as weight lifting, causes muscle eells to 
inerease in size, a eondition known as hypertrophy (hi- 
PER-tro-fe). Larger muscle eells eontain more myofibrils 
and ean form more eross-bridges, so they ean generate 
more foree. Resistanee training also inereases muscle stores 
of ereatine phosphate and glyeogen, so that muscle eells 
ean use anaerobie metabolism to generate a large amount 
of ATP in a short time. Muscle hypertrophy is stimulated 
by hormones, espeeially the male sex steroids. Box 7-2 has 
information on how some athletes abuse these steroids to 
inerease muscle size and strength at the expense of their 
health. 





r\ 


CLOSER LOOK 


Box 7-1 


Creatine Kinase: Muscle’s Backup Energy Enzyme 


At rest, muscle eells store some of the ATP 
they produce in the sareoplasm. But the 
amount stored is suffìcient for only a few see- 
onds of eontraetion, and it takes several more 
seeonds before anaerobie glyeolysis and oxidation ean replenish 
it. So how do muscle fibers power their eontraetions in the mean- 
time? They have a backup energy source ealled ereatine phos- 
phate to tide them over. 

When muscle eells are resting,they manufacture ereatine 
phosphate by transferring energy from ATP to ereatine, a sub- 
stanee produced by the liver, panereas, and kidneys. When 
muscle eells are exercising aetively, they transfer that energy to 
ADP to ereate ATP.There is enough ereatine phosphate in the 
sareoplasm to produce four or fìve times the original amount 
of stored ATP—enough to power the eell until the other 
ATP-producing reaetions take over. 

Creatine kinase (CK) eatalyzes the transfer of energy 
from ereatine phosphate to ADP. CK is found in all muscle 


eells and other metabolieally aetive eells, such as neurons. It 
is eomposed of two subunits, which ean be either B (brain 
type) or M (muscle type).Therefore, there are three forms of 
CK: CK-BB, CK-MM, and CK-MB, which are present at different 
levels in various tissues. CK-BB is found mainly in nervous 
and smooth muscle tissue. CK-MM is found predominantly 
in skeletal muscle. Cardiac muscle eontains both CK-MM and 
CK-MB. 

Normally, the blood level of CK is low, but damage to 
CK-containing tissues inereases it. Thus, elinieians ean use 
blood CK levels in diagnosis. Elevated blood CK-BB may indi- 
eate a nervous system disorder,such as stroke or amyotrophie 
lateral selerosis (Lou Gehrig disease). Elevated blood levels of 
CK-MM may indieate a muscular disorder, such as myositis or 
muscular dystrophy, as seen in Shane's opening ease. Elevated 
blood levels of both CK-MM and CK-MB may indieate ear- 
diae muscle damage following a myoeardial infaretion (heart 
attaek). 
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HOT TOPICS 

Anabolie Steroids: Winning at All Costs? 


Box 7-2 


Anabolie steroids mimie the effeets of the 
male sex hormone testosterone by promot- 
ing metabolism and stirmilating growth.These 
drugs are legally preseribed to promote muscle 
regeneration and prevent atrophy from disuse after surgery. 
However, some athletes also purchase them illegally, using them 
to inerease muscle size and strength and improve endurance. 

When steroids are used illegally to enhanee athletie per- 
formanee, the doses needed are large enough to cause seri- 
ous side effeets.They inerease blood eholesterol levels, which 
may lead to atheroselerosis, heart disease, kidney failure, and 


stroke.They damage the liver, making it more susceptible to 
eaneer and other diseases, and suppress the immune system, 
inereasing the risk of infeetion and eaneer. In men, steroids 
cause impotence,testicular atrophy, low sperm count,infertil- 
ity, and the development of female sex eharaeteristies, such 
as breasts (gyneeomastia). In women, steroids dismpt ovula- 
tion and menstruation and produce male sex eharaeteristies, 
such as breast atrophy, enlargement of the elitoris, inereased 
body hair, and deepening of the voiee. In both sexes, steroids 
inerease the risk for baldness and, espeeially in men, cause 
mood swings,depression,and violenee. 


Aerobie exercise, that is, exercise that inereases oxygen 
consumption, such as running, biking, or swimming, leads to 
improved muscular endurance. Endurance training inereases 
the muscle eells’ blood supply and number of mitoehondria, 
improving their ability to generate ATP aerobieally and to get 
rid of waste products. Endurance-trained muscles ean eontraet 
more frequently and for longer periods without fatiguing. 

Cardiovascular ehanges are perhaps the most important 
physieal benefits of endurance exercise. You ean think of 
endurance exercise as “strength training for the heart.” That 
organ has to pump up to five times as much blood during 
endurance exercise as it does at rest. The heart muscle (espe- 
eially the left ventriele) adapts to its inereased workload by 
growing larger and stronger. Its inereased pumping effieieney 
means that the heart doesn’t have to work very hard at rest, 
so the resting heart rate deelines. Endurance exercise also 
benefits the body by deereasing the amount of less healthy 
(LDL) eholesterol in the blood, reducing blood pressure, and 
improving blood glucose eontrol. 

These benefieial ehanges may derive in part from the 
reduced body fat and improved psyehologieal well-being that 
result from regular physieal aetivity. Whatever the cause, it’s 
well established that aside from not smoking, exercise is the 
most important thing you ean do to improve your health. 
Reeent studies show that a few short bouts of high-intensity 
exercise are equally or more effeetive than longer, low-inten- 
sity workouts. Even people such as the elderly and type II 
diabeties show signifieant improvements when they exercise 
for 10 intervals of 60 seeonds, eaeh at maximum intensity. 

The benefits of one form of exercise do not signifieantly 
earry over to the other—endurance exercise does not sig- 
nifieantly inerease muscle strength, and resistanee training 
does not signifieantly inerease muscle endurance. An exer- 
eise program thus should include both methods with peri- 
ods of warm-up and cool-down before and after working 
out. Stretehing generally improves the range of motion at 
the joints and improves balanee. However, studies show that 
statie stretehing (holding an extended position for 30 see- 
onds to two minutes) just before a strenuous workout actu- 
ally deereases muscle strength and inereases the risk of injury. 


TYPES 0F MUSCLE C0NTRACTI0NS 

Muscle tone refers to a muscle’s partially eontraeted state that 
is normal even when the muscle is not in use. The maintenanee 
of this tone, or tonus (TO-nus), is due to the aetion of the 
nervous system in keeping the muscles in a eonstant state of 
readiness for aetion. Muscles that are little used soon beeome 
flabby, weak, and laeking in tone. 

In addition to the partial eontraetions that are responsi- 
ble for muscle tone, there are two other types of eontraetions 
on which the body depends: 

■ In isotonie (i-so-TON-ik) eontraetions, the tone or ten- 
sion within the muscle remains the same, but muscle 
length ehanges, and the muscle bulges as it aeeomplishes 
work (iso- means “same” or U equal” and ton means 
“tension”). Within this eategory, there are two forms of 
eontraetions: 

■ Concentric eontraetions. These eontraetions are 
more familiar, as they produce more obvious ehanges 
in position. In eoneentrie eontraetions, a muscle as 
a whole shortens to produce movement. Try flex- 
ing your arm at the elbow to piek up a dumbbell or 
heavy ean. The anterior arm flexors, the bieeps bra- 
ehii and braehialis, move the forearm at the elbow, 
lifting the weight, and you ean see that the muscles 
ehange shape and bulge outward. 

■ Eeeentrie eontraetions. In these eontraetions, the 
muscle lengthens as it exerts foree. Think of gradu- 
ally lowering that dumbbell or heavy ean. The arm 
flexors tense as they lengthen. These eontraetions 
strengthen muscles eonsiderably but are more likely 
to cause soreness later, perhaps because of miero- 
seopie tears in the muscle fibers. 

■ In isometrie (i-so-MET-rik) eontraetions, there is no 
ehange in muscle length, but there is a great inerease 
in muscle tension (metr/o means “measure”). Pushing 
against an immovable foree produces an isometrie eon- 
traetion, as in trying to lift a weight that is too heavy to 
move. Try pushing the palms of your hands hard against 
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eaeh other. There is no movement or ehange in muscle 
length, but you ean feel the inereased tension in your 
arm muscles. 

Most body movements involve a eombination of both isotonie 
and isometrie eontraetions. When walking, for example, some 
muscles eontraet isotonieally to propel the body forward, but 
at the same time, other muscles are eontraeting isometrieally to 
keep your body in position. 


to form the tendon, which then attaehes direetly to the bone’s 
periosteum (see Fig. 7-1). In some instanees, a broad sheet 
ealled an aponeurosis (ap-o-nu-RO-sis) may attaeh muscles to 
bones or to other muscles. 

In moving the bones, one end of a muscle is attaehed to 
a more freely movable part of the skeleton, and the other end 
is attaehed to a relatively stable part. The less movable (more 
fixed) attaehment is ealled the origin; the attaehment to the 
body part that moves is ealled the insertion (Fig. 7-6). When a 
muscle eontraets, it pulls on both attaehment points, bringing 
the more movable insertion eloser to the origin and thereby 
causing movement of the body part. Figiire 7-6 shows the 
aetion of the braehialis (in the arm) in flexing the arm at the 
elbow. The muscle’s insertion on the radius of the forearm is 
brought toward the origin at the scapula of the shoulder girdle. 



CHECKPOINTS 

7-8 What compound is formed in oxidation of nutrients that 
supplies the energy for muscle eontraetion? 

7-9 What compound stores reserves of oxygen in rrmsele 

eells? 

7-10 What are the two main types of muscle eontraetion? 


MUSCI.ES W0RK TOGETHER 


The Meehanies of Muscle 
Movement 

Most muscles have two or more points of attaehment to the 
skeleton. The muscle is attaehed to a bone at eaeh end by 
means of a eordlike extension ealled a tendon ( r ig. 7-6). All 
of the eonneetive tissue within and around the muscle merges 


Many of the skeletal muscles function in pairs. The main 
muscle that performs a given movement is the prime mover. 
For instanee, the braehialis is the prime mover for flexion 
of the arm at the elbow (see Fig. 7-6). Because any muscle 
that performs a given aetion is teehnieally ealled an agonist 
(AG-on-ist), the muscle that produces an opposite aetion is 
termed the antagonist (an-TAG-on-ist) (the prefix anti- means 
“against”). Clearly, for any given movement, the antagonist 


Trieeps braehii 
(antagonist) 






Insertion 


Figure 7-6 


Muscle attaehments to bones. 



KEY POINTTendons attaeh muscles to bones.The stable point 


is the origin;the movable point is the insertion. In this diagram,three attaehments are shown—two origins and one 
insertion. f J ZOOMING IN Does eontraetion of the braehialis produce flexion or extension at the elbow? 





ehapter 7 The Muscular System 


must relax when the agonist eontraets. For example, when 
the braehialis at the anterior arm eontraets to flex the arm, 
the trieeps braehii at the baek must relax; when the trieeps 
braehii eontraets to extend the arm, the braehialis must relax. 
In addition to prime movers and antagonists, there are also 
muscles that steady body parts or assist in an aetion. These 
“helping” muscles are ealled synergists (SIN-er-jists), because 
they work with the prime mover to aeeomplish a movement 
(syn- means “together” and erg/o means “work”). For exam- 
ple, the bieeps braehii and the braehioradialis are synergists 
to the braehialis in flexing the arm (see Fig 7-6). 

As the muscles work together, aetions are eoordinated 
to aeeomplish many complex movements. Note that during 
development, the nervous system must gradually begin to 
eoordinate our movements. A ehild learning to walk or to 
write, for example, may use muscles unnecessarily at first or 
fail to use appropriate muscles when needed. 

LEVERS AND BODY MECHANICS 

Proper body meehanies help eonserve energy and ensure free- 
dom from strain and fatigue; eonversely, such ailments as lower 
baek pain—a eommon eomplaint—ean be traeed to poor body 
meehanies. Body meehanies have speeial signifieanee to health- 
eare workers, who frequently must move patients and handle 
cumbersome equipment. Maintaining the body segments in 
eorreet alignment also affeets the vital organs that are sup- 
ported by the skeleton. 

If you have had a course in physies, reeall your study of 
levers. A lever is simply a rigid bar that moves about a fixed 
pivot point, the fulcrum. There are three elasses of levers, 
which differ only in the loeation of the fulcrum (F), the effort 
(E), or foree, and the resistanee (R), the weight or load: 


■ In a first-elass lever, the fulcrum is loeated between the 
resistanee and the effort; a seesaw or a pair of seissors is 
an example of this elass (Fig. 7-7A). 

■ The seeond-elass lever has the resistanee loeated 
between the fulcrum and the effort; a wheelbarrow or a 
mattress lifted at one end is an illustration of this elass. 
However, there are no signifieant examples of seeond- 
elass levers in the body. 

■ In the third-elass lever, the effort is between the resistanee 
and the fulcrum. A foreeps or a tweezers is an example 
of this type of lever. The effort is applied in the tool’s 
eenter, between the fulcrum, where the pieees join, and 
the resistanee at the tip (see Fig. 7-7B). 

The musculoskeletal system ean be eonsidered a system of 
levers, in which the bone is the lever, the joint is the fulcrum, 
and the foree is applied by a muscle. An example of a first-elass 
lever in the body is using the muscles at the baek of the neek 
to lift the head at the joint between the skull’s oeeipital bone 
and the first eervieal vertebra (atlas) (see Fig. 7-7). However, 
there are very few examples of first-elass levers in the body. 
Most lever systems in the body are of the third-elass type. A 
muscle usually inserts past a joint and exerts foree between the 
fulcrum and the resistanee. That is, the fulcrum is behind both 
the point of effort and the weight. As shown in = igure 7-7B, 
when the bieeps braehii helps flex the forearm at the elbow, 
the muscle exerts its foree at its insertion on the radius. The 
weight of the hand and forearm ereates the resistanee, and the 
fulcrum is the elbow joint, which is behind the point of effort. 

By understanding and applying knowledge of levers to 
body meehanies, healtheare workers ean reduce the risk of 
musculoskeletal injury while earrying out their numerous 
elinieal tasks. 



A First-elass lever 



BThird-elass lever 


Figure 7-7 


Levers. f J KEY POINT Muscles work with bones as lever systems to produce movement.Two 


elasses of levers are shown along with tools and anatomie examples that illustrate eaeh type. R, resistanee (weight); 


E,effort (foree); F,fulcrum (pivot point). A fìrst-elass lever (A) and third-elass lever (B) are shown. 
third-elass lever system, where is the fulcrum with regard to the effort and the resistanee? 



ZOOMING INIna 
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CHECKPOINTS 



7-11 What are the names of the two attaehment points of a 
miisele,and how do they fiinetion? 


7-12 What is the name of the muscle that produces a 

movement as eompared with the muscle that produces 
an opposite movement? 


7-13 Of the three elasses of levers, which one represents the 
aetion of most rrmseles? 


Skeletal Muscle Groups 

The study of muscles is made simpler by grouping them aeeord- 
ing to body regions. Knowing how muscles are named ean 
also help in remembering them. A number of different eharae- 
teristies are used in naming muscles, including the following: 

■ loeation, using the name of a nearby bone, for example, 
or a position, such as lateral, medial, internal, or external 

■ size, using terms such as maximus, major, minor, longus, 
or brevis 

■ shape, such as circular (orbicularis), triangular (deltoid), 
or trapezoidal (trapezius) 

■ direetion of fibers, including straight (rectus) or angled 
(oblique) 

■ nrnnber of heads (attaehment points), as indieated by the 
suffix - eeps , as in bieeps, trieeps, and quadriceps 

■ aetion, as in flexor, extensor, adductor, abductor, or 
levator 

Often, more than one feature is used in naming. Refer to 
Figiires 7-8 and 7-9 as you study the loeations and func- 
tions of the superficial skeletal muscles and try to figure out 
the basis for eaeh name. Although they are deseribed in the 
singular, most of the muscles are present on both sides of the 
body. Knowing the loeation and attaehments of a muscle 
provides clues to the movements it permits. See Box 7-3 at 
the end of the ehapter, Muscles and Their Movements, for 
hints about linking muscles to different movements. 


smile into a grimaee. There are a number of sealp muscles that 
lift the eyebrows or draw them together into a frown. 

There are four pairs of mastieation (chewing) muscles, 
all of which insert on and move the mandible. The largest are 
the temporalis (TEM-po-ral-is), which is superior to the ear, 
and the masseter (mas-SE-ter) at the angle of the jaw. 

The tongue has two muscle groups. The first group, ealled 
the intrinsie mnseles, is loeated entirely within the tongue. 
The seeond group, the extrinsic mnseles , originates outside 
the tongue. Note that intrinsie is a generie term to deseribe 
muscles loeated within the moving structure, whereas extrin- 
sie deseribes muscles that eonneet to the moving structure 
by tendons. It is because of these many muscles that the 
tongue has such remarkable flexibility and ean perform so 
many different functions. Consider the intrieate tongue 
motions involved in speaking, chewing, and swallowing. 
Figure 7-10 shows some additional muscles of the faee. 

MUSCLES OFTHE NECK 

The neek muscles tend to be ribbon-like and extend verti- 
eally or obliquely in several layers and in a complex manner 
(see Fig. 7-10, Table 7-2). The one you will hear of most 
frequently is the sternoeleidomastoid (ster-no-kli-do-MAS- 
toyd), sometimes referred to simply as the sternomastoid. 
This strong muscle extends superiorly from the sternum 
aeross the lateral neek to the mastoid proeess of the tem- 
poral bone. When the left and right nmseles work together, 
they bring the head forward on the ehest (flexion). Working 
alone, eaeh muscle tilts and rotates the head so as to orient 
the faee toward the side opposite that muscle. If the head is 
abnormally fixed in this position, the person is said to have 
tortieollis (tor-tih-KOL-is), or wryneck; this eondition may 
be caused by nrnsele injury or spasm. 

A portion of the trapezius muscle (deseribed later) is 
loeated at the posterior neek, where it helps hold the head up 
(extension). Other baek muscles, discussed later, extend the 
entire vertebral column, including the neek. 


See the Student Resources on thePoint® to view addi- 
tional pictures of head and neek musculature. 


MUSCI.ES OF THE HEAD 

The prineipal muscles of the head are those of faeial expression 
and of mastieation (chewing) (Fig. 7-10, Table 7-2 ). 

The nmseles of faeial expression include ring-shaped ones 
around the eyes and the lips, ealled the orbicularis (or-bik-u- 
LAH-ris) muscles because of their shape (think of “orbit”). 
The muscle surrounding the eye is ealled the orbicularis 
oculi (OK-u-li), whereas the lip nrnsele is the orbicularis oris. 
These nmseles all have antagonists. For example, the levator 
palpebrae (PAL-pe-bre) superioris, or lifter of the upper eye- 
lid, is the antagonist for the orbicularis oculi. 

One of the largest nmseles of expression forms the fleshy 
part of the eheek and is ealled the buccinator (BUK-se-na-tor). 
Used in whistling or blowing, it is sometimes referred to as the 
tmmpeter’s muscle. You ean readily think of other muscles of 
faeial expression: for instanee, the zygomaticus muscles pro- 
duce a smile, while the depressor anguli oris muscles turn a 


MUSCLES OF THE UPPER EXTREMITIES 

Muscles of the upper extremities include the muscles that 
determine the position of the shoulder, the anterior and poste- 
rior muscles that move the arm, and the nmseles that move the 
forearm and hand. 

Muscles that Move the Shoulder and Arm The posi- 

tion of the shoulder depends to a large extent on the degree of 
eontraetion of the trapezius (trah-PE-ze-us), a triangular nrnsele 
that eovers the posterior neek and extends aeross the posterior 
shoulder to insert on the elaviele and scapula (see Figs. 7-8 
and 7-9, Table 7-3 ). The trapezius muscles enable one to raise 
the shoulders and pull them baek. The superior portion of eaeh 
trapezius ean also extend the head and turn it from side to side. 

The latissimus (lah-TIS-ih-mus) dorsi is the wide 
muscle of the baek and lateral trunk (see Fig. 7-9). 
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Adductors 
of thigh 


Temporalis 

Orbicularis 
oris 

Trapezius 


External 

oblique 


intereostals 

Internal oblique 
Rectus abdominis 

Sartorius 

Quadriceps 
femoris 


Gastrocnemius 


Orbicularis 
oculi 

Masseter 

Sternoeleidomastoid 
Deltoid 

Peetoralis major 
Serratus anterior 
Bieeps braehii 

Braehioradialis 

Flexor earpi 

Extensor earpi 

(Abdominal 
aponeurosis) 


Fibularis 
longus 


Tibialis 
anterior 


Anterior view 




Figure 7-8 




Superfìcial musdes, anterior view. An assoeiated structure is labeled in 


parentheses. An aponeurosis is a broad, sheetlike tendon. 
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Teres minor 


Teres major 


Latissimiis 

dorsi 


(Lumbodorsal 

faseia) 


Gluteus maximus 


(lliotibial traet) 


Gastrocnemius 


(Aehilles tendon) 



Hamstring group 


(Epieranial 

aponeurosis) 

Sternoeleidomastoid 

Trapezius 

Deltoid 


Trieeps braehii 


(Oleeranon 
of ulna) 


Gluteus 

medius 


Fibularis 

longus 


Posterior view 




Figure 7-9 




parentheses. 


Superfìcial musdes, posterior view. Assoeiated structures are labeled in 
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(Epieranial aponeurosis) 



Sternoeleido 
mastoid 


Trapezius 


Temporalis 


Frontalis 


Masseter Buccinator Digastricus 


Orbicularis 

oculi 


Zygomaticus 

minor 


Zygomaticus 

major 


Orbicularis 

oris 


Depressor 
anguli oris 


Muscles of the head. An assoeiated structure is labeled 


Figure 7-10 


in parentheses. ZOOMING IN Which of the muscles in this i11ustration 
are named for a nearby bone? 


It originates from the vertebral spine in the middle and 
lower baek and eovers the inferior half of the thoraeie 
region, forming the posterior portion of the axilla (arm- 
pit). The fibers of eaeh muscle eonverge to a tendon 
that inserts on the humerus. The latissinms dorsi power- 
fully extends the arm, bringing it down foreibly as, for 
example, in swimming. It is also the prime mover in arm 
adduction. 


A large peetoralis (pek-to-RAL-is) major is loeated on 
either side of the superior ehest (see Fig. 7-8). This muscle 
arises from the sternum, the upper ribs, and the elaviele 
and forms the anterior u wall” of the axilla; it inserts on the 
superior humerus. The superior part of the peetoralis major 
flexes the arm (raising it overhead). Other portions of the 
muscle medially rotate the arm, pulling it aeross the ehest, 
and synergize with the latissimus dorsi to adduct the arm. 



Miiseles of the Head and Neek 



Name 


Loeation 


Function 


Orbicularis oculi 

Levator palpebrae superioris 
(deep muscle; not shown) 

Orbicularis oris 

Buccinator 

Zygomaticus major and minor 
Depressor anguli oris 
Temporalis 
Masseter 

Sternoeleidomastoid 


Eneireles eyelid 

Posterior orbit to upper eyelid 

Eneireles mouth 
Fleshy part of eheek 

Oheekbone to mouth eorners 

Mandible to mouth eorners 

Above and near ear 

At angle of jaw 

Along lateral neek, to mastoid 
proeess 


Closes eye 
Opens eye 

Closes lips 

Flattens eheek; helps in eating, whistling, and 
blowing wind instmments 

Raises mouth eorners upward and laterally (smile) 

Lowers mouth eorners (grimaee) 

Closes jaw 

Closes jaw 

Flexes head; rotates head toward opposite side 
from muscle 


“These and other muscles of the faee are shown in Figiire 7-10. 
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Name 


Muscles of the llpper Extremities 


Loeation Function 



Trapezius 
Latissimus dorsi 
Peetoralis major 
Serratus anterior 
Deltoid 
Bieeps braehii 
Braehialis 
Braehioradialis 


Trieeps braehii 
Flexor earpi group 
Extensor earpi group 
Flexor digitomm group 
Extensor digitomm group 


Posterior neek and upper baek 
to elaviele and scapula 

Middle and lower baek, to 
humerus 

Superior, anterior ehest, to 
humerus 

Inferior to axilla on lateral 
ehest, to scapula 

Covers shoulder joint, to lateral 
humerus 

Anterior arm along humerus, 
to radius 

Deep to bieeps braehii; inserts 
at anterior elbow joint 

Lateral forearm from distal end 
of humerus to distal end of 
radius 

Posterior arm, to ulna 

Anterior forearm, to hand 

Posterior forearm, to hand 

Anterior forearm, to íingers 

Posterior forearm, to íingers 


Raises shoulder and pulls it baek; superior portion 
extends and turns head 

Extends and adducts arm (prime mover) 

Flexes and adducts arm; medially rotates arm aeross 
ehest; pulls shoulder forward and downward 

Moves shoulder forward; synergist in arm flexion and 
abduction 

Abducts arm; synergist in arm flexion, rotation, and 
extension 

Supinates the forearm and hand; synergist in forearm 
flexion 

Primary flexor of forearm 

Synergist in forearm flexion 


Extends forearm to straighten upper extremity 

Flexes hand 

Extends hand 

Flexes íingers 

Extends íingers 


a These and other muscles of the upper extremities are shown in Figiires 7-8, 7-9, and 7-11. 


The serratus (ser-RA-tus) anterior is below the axilla, on 
the lateral ehest (see Fig. 7-8). It originates on the upper eight 
or nine ribs on the lateral and anterior thorax and inserts in 
the scapula on the side toward the vertebrae. The serratus 
anterior moves the scapula forward and stabilizes it when, for 
example, one is pushing or punching something. It also aids 
in flexing and abducting the arm above the horizontal level. 

The deltoid eovers the shoulder joint and is responsible 
for the roundness of the upper arm just inferior to the shoulder 
(see Figs. 7-8 and 7-9). This muscle is named for its triangular 
shape, which resembles the Greek letter delta. The deltoid is 
often used as an injeetion site. Arising from the shoulder girdle 
(elaviele and scapula), the deltoid fibers eonverge to insert on 
the lateral surface of the humerus. Contraction of the middle 
portion of this muscle abducts the arm, raising it laterally to 
the horizontal position. The anterior portion synergizes with 
the peetoralis major to flex and rotate the arm anteriorly, 
whereas the posterior portion works with latissimus dorsi to 
extend and rotate the arm posteriorly. 

The shoulder joint allows for a wide range of movements. 
This freedom of movement is possible because the humerus 
fits into a shallow scapular soeket, the glenoid eavity. This 
joint requires the support of four deep muscles and their ten- 
dons, which eompose the rotator cuff. The four muscles are 
the supraspinatus, infraspinatus, teres minor, and subscapu- 
laris, known together as SITS, based on the first letters of 
their names. In eertain aetivities, such as swinging a golf club, 
playing tennis, or pitehing a baseball, the rotator cuff rrmseles 
may be injured, even torn, and may require surgery for repair. 


Muscles that Move the Forearm and Hand The 

bieeps braehii (BRA-ke-i), loeated at the anterior arm along 
the humerus, is the muscle you usually display when you want 
to “flex your muscles” to show your strength ( r ig. 7-11 ). The 
root braebi means “arm” and is found in the names of sev- 
eral arm muscles. The bieeps braehii inserts on the radius. It 
supinates the hand, as in turning a screwdriver, and aets as 
a synergist in forearm flexion. The braehialis (bra-ke-AL-is) 
lies deep to the bieeps braehii and inserts distally over the 
anterior elbow joint. It flexes the forearm forcefully in all 
positions, sustains flexion, and steadies the forearm’s slow 
extension. 

Another forearm flexor at the elbow is the braehiora- 
dialis (bra-ke-o-ra-de-A-lis), a prominent forearm muscle 
that originates at the distal humerus and inserts on the distal 
radius (see Fig. 7-11). 

The trieeps braehii, loeated on the posterior arm, 
inserts on the oleeranon of the ulna (see Fig. 7-11B). It is 
used to extend the forearm and thus straighten the arm, as 
in lowering a weight from an arm curl. It is also important 
in pushing because it eonverts the arm and forearm into a 
sturdy rod. 

Most of the muscles that move the hand and fingers orig- 
inate from the distal humerus. Their muscle bellies are usually 
in the forearm, and they eontrol the hand and fingers by long 
tendons that are held in plaee at the wrist by a eonneetive 
tissue band, the transverse earpal ligament (see Fig. 7-16). 
This arrangement enables preeise hand and finger movements 
unencumbered by bulky muscles. 
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Bieeps 

braehii 


Braehialis 


Braehioradialis 


Flexor earpi 
radialis 


Flexor earpi 
ulnaris 


Flexor 
digitomm 
superficialis 


Trieeps braehii 


Extensor earpi 
radialis 


Flexor earpi 
ulnaris 



Extensor 

digitomm 


Extensor earpi 
ulnaris 


A Anterior view 


B Posterior view 


Figure 7-11 


Muscles that move the forearm and hand. The muscles are shown in anterior (A) and posterior (B) 


views.' ZOOMING IN What does earpi refer to in the names of muscles? Digitomm? 


The aetion, and sometimes loeation, of eaeh forearm 
muscle ean be inferred by its name. The flexors in the anterior 
forearm and the extensors in the posterior forearm aet on the 
hand (earpi muscles) and fingers (digitomm muscles). The 
flexor earpi ulnaris is loeated posteriorly to the other flexors 
but still inserts on the anterior surface of the earpal bones 
and aeeomplishes hand flexion (see Fig. 7-1 ). The flexors 
earpi and extensors earpi that insert on the radius (thumb 
side) work together to abduct the hand, and the flexors and 
extensors earpi that insert on the ulna adduct the hand. 

Tiny intrinsie muscle groups in the fleshy parts of 
the hand fine-tune the intrieate movements that ean be 
performed with the thumb and the fingers. The thumb’s 
freedom of movement has been one of humankind’s most 
useful eapaeities. 


See the Student Resources on thePoint® for additional 
pictures of the rotator cuff and the nrmseles of the 
upper extremity. 


MUSC1.ES OF THE TRUNK 

The trunk muscles include the muscles involved in breath- 
ing, the thin muscle layers of the abdomen, and the muscles 
of the pelvie floor. The following discussion also includes 
the deep muscles of the baek that support and move the 
vertebral column. 

Mliseles of Respiration The most important muscle 

involved in the aet of breathing is the diaphragm. This 
dome-shaped muscle forms the partition between the 
thoraeie eavity above and the abdominal eavity below 
(Fig. 7-12). When the diaphragm eontraets, the eentral 
dome-shaped portion is pulled downward, thus enlarging 
the thoraeie eavity from top to bottom. This aetion results 
in inhalation (breathing in). 

The intereostal muscles, which also aet to ehange tho- 
raeie volume, are attaehed to the ribs and fill the spaees 
between them. Additional muscles of the neek, ehest, and 
abdomen are employed in foreefiil breathing. The meehanies 
of breathing are deseribed in Chapter 16. 
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Ribs 


Intereostal 

muscles 



Left lung 


Diaphragm 

First lumbar 
vertebra 


Figiire 7-12 


Musdes of respiration. , KEY POINTThe 
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diaphragm is the main muscle of respiration.The left lung and ribs 


are also shown. 


Muscles of the Abdomen and Pelvis The abdomi- 

nal wall has three muscle layers that extend from the baek 
(dorsally) and around the sides (laterally) to the front (ven- 
trally) (Fig. 7-13, fable 7-A). They are the external oblique 
on the exterior, the internal oblique in the middle, and 
the transversus abdominis, the innermost. The eonneetive 
tissue from these muscles extends anteriorly and eneloses 
the vertieal rectus abdominis of the anterior abdominal 
wall. The fibers of these muscles, as well as their eonneetive 
tissue extensions (aponeuroses), run in different direetions, 
resembling the layers in plywood and resulting in a strong 
abdominal wall. The midline meeting of the aponeuroses 
forms a whitish area ealled the linea alba (LIN-e-ah AL-ba), 
which is an important abdominal landmark. It extends from 
the tip of the stermim to the pubic joint (see Fig. 7-13). 


Rectus 

abdominis 


(Linea alba) 
(Umbilicus) 


(Abdominal 
aponeurosis) 



External 

oblique 


Internal 

oblique 


Transversus 

abdominis 


Figure 7-13 


Muscles of the abdominal wall. 



KEY POINTThin layers of muscletissue with fibers running 
in different direetions give strength to the abdominal wall. Surface 
tissue is removed here on the right side to show deeper muscles. 


Assoeiated structures are labeled in parentheses. J ZOOMING IN 
What does rectus mean? Oblique? 


These four pairs of abdominal muscles aet together to 
proteet the internal organs and eompress the abdominal eav- 
ity, as in forcefully exhaling, coughing, emptying the bladder 
(urination) and bowel (defeeation), sneezing, vomiting, and 



Name 


Muscles of the Trunk° 


Loeation 


Function 


Diaphragm 


intereostals 

Muscles of abdominal wall: 

External oblique 
Internal oblique 
Transversus abdominis 
Rectus abdominis 

Levator ani 

Ereetor spinae 
(deep; not shown) 


Dome-shaped partition between 
thoraeie and abdominal 
eavities 

Between ribs 

Anterolateral abdominal wall 


Pelvie floor 

Group of deep vertieal muscles 
between the saemrn and skull 


These and other muscles of the trunk are shown in Figures 7-12, 7-13, and 7-14. 


Dome deseends to enlarge thoraeie eavity 
from top to bottom during ventilation 

Alter thoraeie eavity volume during 
ventilation 

Compress abdominal eavity and expel 
substances from body; flex spinal 
column 


Aids in defeeation 

Extends vertebral column to produce 
ereet posture 
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Gluteus 

maximus 


(Coccyx) 


(Llrethral 
orifiee) 

(Vagina) 

Transverse 
perineus 


Levator 

ani 


External 
anal sphineter 

(Anus) 


Figure 7-14 


Muscles of the female perineum (pelvie floor). 


Assoeiated structures are labeled in parentheses. 


ehildbirth (labor). The two oblique muscles and the rectus 
abdominis help bend the trunk forward and sideways. 

The pelvie floor, or perineum (per-ih-NE-um), has its 
own form of diaphragm, shaped somewhat like a shallow 
dish. One of the prineipal muscles of this pelvie diaphragm 
is the levator ani (le-VA-tor A-ni), which aets on the rectum 
and thus aids in defeeation. The superficial and deep nmseles 
of the female perineum are shown in = igure 7-14 along with 
some assoeiated structures. 

Deep Mliseles Of the Baek The deep muscles of the 

baek, which aet on the vertebral column itself, are thiek ver- 
tieal masses that lie under the trapezius and latissimus dorsi 
and thus are not illustrated. The ereetor spinae muscles make 
up a large group loeated between the sacrum and the skull. 
These muscles extend the spine and maintain the vertebral 
column in an ereet posture. They ean be strained in lifting 
heavy objeets if the spine is flexed while lifting. One should 
bend at the hip and knee instead and use the thigh and but- 
toek muscles to help in lifting. 

Even deeper muscles lie beneath the lumbodorsal faseia. 
These small muscles extend the vertebral column in the lum- 
bar region and are also easily strained. 


MUSCLES OF THE L0WER EXTREMITIES 

The muscles in the lower extremities, among the longest and 
strongest muscles in the body, are speeialized for loeomotion 
and balanee. They include the muscles that move the thigh 
and leg and those that eontrol movement of the foot. Before 
moving on, revieiv the terms deseribing movements of the 
loiver extremity. Remember that flexion bends the limb at the 
hip or the knee, and extension straightens it. 

Muscles that Move the Thigh and Leg The gluteus 

maximus (GLU-te-us MAK-sim-us), which forms much 


of the buttock’s fleshy part, is relatively large in humans 
because of its support function when a person is standing 
ereet (see Figs. 7-9, 7-14, Table 7-5). This muscle extends 
the thigh and is important in walking and mnning by pro- 
viding a pushing foree at the end of a stride. The gluteus 
medius, which is partially eovered by the gluteus maximus, 
abducts the thigh. This movement moves the foot slightly 
outward and upward with every step. It is one of the sites 
used for intramuscular injeetions. 

The iliopsoas (il-e-o-SO-as) arises from the ilium and 
the bodies of the lumbar vertebrae; it erosses the anterior hip 
joint to insert on the femur ( r ig. 7-15A). It is a powerful 
thigh flexor and helps keep the trunk from falling backward 
when one is standing ereet. When the thighs are immobilized, 
the iliopsoas flexes the trunk, as in doing a sit-up. 

The adductor muscles are loeated on the medial thigh 
(see Fig. 7-15). They arise from the pelvis and insert on 
the femur. These strong muscles press the thighs together, 
as in grasping a saddle between the knees when riding 
a horse. They include the adductor longus and adductor 
magnus. The graeilis (grah-SIL-is) is also loeated in the 
medial thigh, but it erosses both the hip joint and the 
knee joint. It too adducts the thigh and also flexes the leg 
at the knee. 

The sartorius (sar-TO-re-us) is a long, narrow muscle 
that begins at the iliae spine, winds downward and medi- 
ally aeross the anterior thigh, and ends on the tibia’s superior 
medial surface (see Fig. 7-15). It is ealled the tailor’s muscle 
because it is used in erossing the legs in the manner of tailors, 
who, in days gone by, sat eross-legged on the floor. 

The anterior and lateral femur are eovered by the 
quadriceps femoris (KWOD-re-seps FEM-or-is), a large 
muscle that has four heads of origin (see Fig. 7-15A). The 
individual parts are as follows: in the eenter, eovering the 
anterior thigh, the rectus femoris; on either side, the vastus 
medialis and vastus lateralis; and deeper in the eenter, the 
vastus intermedius. One of these muscles (rectus femoris) 
originates from the ilium, and the other three are from 
the femur, but all four have a eommon tendon of insertion 
on the tibia. You may remember that this is the tendon 
that eneloses the patella (kneeeap). This muscle extends 
the leg and straightens the lower limb, as in kieking a 
ball. The vastus lateralis is also a site for intramuscular 
injeetions. 

The iliotibial traet is a thiekened band of faseia that eov- 
ers the lateral thigh muscles. It extends from the ilium of the 
hip to the superior tibia and reinforees the faseia of the thigh 
(the faseia lata) (see Fig. 7-15). 

The hamstring muscles are loeated in the posterior thigh 
(see Fig. 7-15B). They originate on the ischium and femur, 
and you ean feel their tendons behind the knee as they deseend 
to insert on the tibia and fibula. The hamstrings flex the leg 
at the knee as in kneeling. They also extend and rotate the 
thigh at the hip. Individually, moving from lateral to medial 
position, they are the bieeps femoris, the semimembranosus, 
and the semitendinosus. The name of this nrnsele group refers 
to the tendons at the posterior of the knee by which these 
muscles insert on the leg. 
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Muscles of the Lower Extremities 


a 


Name 


Loeation 


Function 



Gluteus maximus 
Gluteus medius 
Iliopsoas 

Adductor group (e.g., adductor 
longus, adductor magnus) 

Sartorius 

Graeilis 

Quadriceps femoris: 

Rectus femoris 

Vastus medialis 

Vastus lateralis 

Vastus intermedius (deep; 
not shown) 

Hamstring group: 

Bieeps femoris 
Semimembranosus 
Semitendinosus 
Gastrocnemius 

Soleus 

Tibialis anterior 

Fibularis (peroneus) longus 
Flexor digitomm group 

Extensor digitomm group 


Superíicial buttock, to femur 

Deep buttock, to femur 

Crosses anterior hip joint, to femur 

Medial thigh, to femur 

Crosses anterior thigh; from ilium 
to medial tibia 

Pubic bone to medial surface of tibia 
Anterior thigh, to tibia 


Posterior thigh; ischium and femur 
to tibia and fibula 


Posterior leg, to calcaneus, inserting 
by the Aehilles tendon 

Posterior leg deep to gastroenemms 

Anterior and lateral leg, to foot 

Lateral leg, to foot 

Posterior leg and foot to inferior 
surface of phalanges 

Anterior surface of leg bones to 
superior surface of phalanges 


Extends thigh 
Abducts thigh 

Flexes thigh when tmnk is immobilized; 
flexes tmnk when thighs are immobilized 

Adducts thigh 

Flexes thigh and leg (to sit eross-legged) 

Adducts thigh at hip; flexes leg at knee 
Extends leg 


Flexes leg at knee; extends and rotates 
thigh at hip 


Plantar flexes foot (as in tiptoeing) 

Plantar flexes foot 

Dorsiflexes foot at ankle (as in walking on 
heels); inverts foot (sole inward) 

Everts foot (sole outward) 

Flexes toes 

Extends toes 


a These and other muscles of the lower extremities are shown in Figiires 7-15 and 7-16. 


Mliseles that Move the Foot The gastrocnemius (gas- 

trok-NE-me-us) is the ehief muscle of the ealf of the leg (its 
name means “belly of the leg”) ( "ig. 7-16). It has been ealled 
the toe daneer’s muscle because it is used in standing on tiptoe, 
and is one of the muscles involved in Shane’s disorder. The 
gastrocnemius ends near the heel in a prominent eord ealled 
the Aehilles tendon (see Fig. 7-16B), which attaehes to the eal- 
caneus (heel bone). The Aehilles tendon is the largest tendon 
in the body. Aeeording to Greek mythology, the region above 
the heel was the only plaee on his body where the hero Aehilles 
was vulnerable, and if the Aehilles tendon is cut, it is impos- 
sible to walk. The soleus (SO-le-us) is a flat muscle deep to the 
gastrocnemius. It also inserts by means of the Aehilles tendon 
and, like the gastrocnemius, flexes the foot at the ankle. 

Another leg muscle that aets on the foot is the tibialis 
(tib-e-A-lis) anterior, loeated on the anterior region of the 
leg (see Fig. 7-16A). This muscle performs the opposite 
function of the gastrocnemius. Walking on the heels uses the 
tibialis anterior to raise the rest of the foot off the ground 


(dorsiflexion). This muscle is also responsible for inversion 
of the foot. The muscle for the foot’s eversion is the fibularis 
(fib-u-LA-ris) longus, also ealled the peroneus (per-o-NE-us) 
longus, loeated on the lateral leg. This muscle’s long tendon 
erosses under the foot, forming a sling that supports the 
transverse (metatarsal) areh. 

The toes, like the fingers, are provided with flexor and 
extensor muscles. The tendons of the extensor muscles are 
loeated in the superior part of the foot and insert on the supe- 
rior surface of the phalanges (toe bones). The flexor digitomm 
tendons eross the sole of the foot and insert on the undersur- 
faee of the phalanges (see Fig. 7-16). Confusingly ; botb tbe 
fmgers and toes are moved by digitomm muscle groups. 

CHECKPOINTS & 

7-14 What muscle is most important in breathing? 

7-15 What structural feature gives strength to the muscles of 
the abdominal wall? 






Iliopsoas 


Sartoriiis 


(lliotibial traet) 


Quadriceps 

femoris: 

Rectus femoris 


Vastus lateralis 


Vastus medialis 


(Vastus intermedius 
not shown) 


(Patella) 


Adductor 

longus 



Graeilis 

Adductor 

magnus 


Adductor 

magnus 


Graeilis 


Sartorius 



Gluteus medius 


Gluteus maximus 


(lliotibial traet—cut) 


Vastus lateralis 


Hamstring group: 

Bieeps femoris 


Semitendinosus 


Semimembranosus 


A Anterior view 


B Posterior view 


Muscles of the thigh. Assoeiated structures are labeled in parentheses. Anterior (A) and posterior (B) 


Figure 7-15 


views are shown. ZOOMING IN How many muscles make up the quadriceps femoris? 



(Patella) 


Fibularis longus 


Tibialis anterior 


Extensor digitorum 
longus 



Gastrocnemius 


Soleus 


(Tibia) 


Gastrocnemius 


Soleus 


(Calcaneus) 



(Aehilles tendon) 


Flexor digitomm 
longus 


Fibularis longus 


A Anterior view 


B Posterior view 


Figure 7-16 


Muscles that move the foot. Assoeiated structures are labeled in parentheses. Anterior (A) and 


posterior (B) views are shown. 



ZOOMING IN On what bone does the Aehilles tendon insert? 
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C7\SEP0INTS ! 

7-4 Shane's physieian found that his ealf rrmseles were 
enlarged. Name the two largest muscles of the ealf. 

7-5 Shane's thigh muscles were weak. Name the large muscle 
group of the anterior thigh. 

7-6 Name the large muscle group of the posterior thigh. 

See the Student Resources on thePoinf for addi- 
tional pictures of the nrmseles that move the lower 
extremity. 


Effeets of Aging on Muscles 

Beginning at about 40 years of age, there is a gradual loss 
of muscle eells with a resulting deerease in the size of eaeh 
individual muscle. The muscle fibers that enable quick, 
explosive movements die first. The loss of these fibers 


makes it more difficult for the elderly to reeover their 
balanee, leading to more frequent falls. Loss of power in 
the extensor muscles, such as the large saerospinalis near 
the vertebral column, causes the “bent over” appearanee 
of a hunchback). Sometimes, there is a tendeney to bend 
(flex) the hips and knees. In addition to the previously 
noted ehanges in the vertebral column (see Chapter 6), 
these effeets on the extensor muscles result in a further 
deerease in the elderly person’s height. Aetivity and exer- 
eise throughout life delay and deerease these undesirable 
effeets of aging. Even among the elderly, resistanee exer- 
eise, such as weight lifting, inereases muscle strength and 
function. 


See the Student Resources on thePoinf for information 
on eareers in physieal therapy and how physieal ther- 
apists partieipate in treatment of muscular disorders. 



ONE STEP 




f-\ 





f-\ 


TIME 



Muscles and Their Movements 


Learning the loeation of different muscles 
is the fìrst step to knowing which muscles 
aeeomplish which movements. You ean use this knowledge 
for many purposes, from predieting the impaet of muscle dis- 
orders to optimizing muscle training regimes. This box shows 
you how to prediet muscle aetions based on muscle loeations 
and attaehments. 


QUESTION: 

Shane has particular weakness in his rectus femoris muscle. 
Prediet which movements will be impaeted. 


ANSWER: 

Step 1. Loeate the rrmsele on your body.The rectus femoris is 
loeated on the anterior thigh. 

Step 2. Identify the bones where the muscle attaehes. You 
ean use a skeleton with labeled muscle origins and inser- 
tions, the text, ìgure 7.15, or fable 7 . The rectus fem- 

oris attaehes to the ilium at one end and the tibia on the 
other end. 

Step 3. Use your knowledge of skeletal anatomy to identify 
any joints that the muscle erosses. Based on the arrangement 
of bones identifìed in Step 2,the rectus femoris must eross both 
the hip joint and the knee joint. 


Step 4. Use your body or a model skeleton to shorten the dis- 
tanee between the origin at the hip and insertion on the tibia 
over the knee. VVhat happens? The rectus femoris most eom- 
monly straightens the leg at the knee joint (extension).There 
might be other possibilities,depending on which bone moves 
and which bone remains stationary. For instanee, this rrmsele 
ean also aet at the hip joint to flex the thigh. 

Step 5. If you identifìed more than one possible outcome in 
step 4, use your body to figure out when the different move- 
ments occur. For the rectus femoris, stabilizing the trunk 
enables this muscle to flex the thigh and extend the leg. 
Stabilizing both the trunk and the thigh enables the muscle to 
extend the leg without flexing the thigh. 

Step 6. VVhieh muscles must relax to permit the movement? 
Remember that antagonist muscles rrmst relax to enable a 
given movement. Antagonistie muscles in the limbs are usu- 
ally found on the opposite side of the limb. So,the antagonist 
of the rectus femoris is the hamstring muscle group. Relaxing 
the hamstring as much as possible ean optimize the function 
of the rectus fermoris. 


You ean use a similar procedure to answer Question 25 at the 
end of this ehapter, which asks you to design training regimes 
to strengthen a patient's shoulder and thigh muscles. 
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A & P in Aetion Revisited 




Looking at Shane's bLood test resuLts, Dr. Sehroeder saw 
that the LeveL of ereatine phosphokinase was eLevated. 
UsuaLLy, this protein is eonfined to muscLe eeLLs, so this 
finding indieated that substances were Leaking from the 
weakened waLLs of his muscLe eeLLs. At the next visit, 
Dr. Sehroeder used a smaLL needLe to extract a sampLe 
of Shane's gastrocnemius (a muscLe biopsy). The sampLe 
reveaLed evidenee of muscLe degeneration and abnormaLLy 
Low LeveLs of dystrophin (the protein that Links myofiLa- 
ment bundLes to the pLasma membrane). A genetie test 
of Shane's initiaL bLood sampLe showed that Shane had a 
gene mutation that causes Duchenne muscuLar dystrophy. 

Dr. Sehroeder discussed these resuLts with Kathy. 
"Kathy, the tests concLusiveLy show that Shane has 
Duchenne muscuLar dystrophy. As Shane grows oLder, 
his rrmsdes wiLL beeome weaker, and this disease wiLL 
eonsiderabLy shorten his Life. With therapy, we ean 


preserve his abiLity to waLk for as Long as possibLe and 
deerease the deveLopment of deformities. I'm going to 
referyou to a rehabiLitation medieine speeiaList, eaLLed 
a physiatrist, who ean further evaLuate Shane's eondi- 
tion and formuLate a management program. Your fam- 
iLy is going to need some heLp deaLing with Shane's 
eondition, so here is the eontaet information for a DMD 
support group and some government ageneies that ean 
heLp. WhiLe we don't have any treatments for Shane 
right now, researeh efforts are ongoing. Don't give up 
hope." 

During this ease, we Learned that structuraL eom- 
ponents of the nrmsde eeLLs determine the abiLity of 
muscLes to eontraet. Weakness in Limb muscLes (such as 
the gastrocnemius) wiLL affeet Shane's abiLity to waLk 
and perform everyday tasks. EventuaLLy, weakness in 
his respiratory muscLes wiLL LikeLy cause his death. 
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Summary Ovemew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the 
main topies eovered in this ehapter. 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


aeetyleholine 

faseiele 

neuromuscular junction 

tendon 

aetin 

glyeogen 

neurotransmitter 

tonus 

aetion potential 

insertion 

origin 

tropomyosin 

agonist 

membrane potential 

prime mover 

troponin 

antagonist 

motor unit 

sareomere 


eontraetility 

myoglobin 

synapse 


excitability 

myosin 

synergist 



Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

The Muscular System 

aer/o 

air, gas 

An aerobie organism ean grow in the presenee of air (oxygen). 

an- 

not, without 

Anaerobie metabolism does not require oxygen. 

iso- 

same, equal 

In an isotonie eontraetion, muscle tone remains the same, but the muscle 
shortens. 

-lysis 

separation, dissolving 

Glyeolysis is the breakdown of glucose. 

metr/o 

measure 

In an isometrie eontraetion, muscle length remains the same, but muscle tension 
inereases. 

my/o 

muscle 

The endomysinm is the deepest layer of eonneetive tissue around muscle eells. 

sare/o 

flesh 

A sareomere is a eontraeting subunit of skeletal muscle. 

ton/o 

tone, tension 

See “iso-” example. 

troph/o 

nutrition, nurture 

Muscles undergo hypertrophy , an inerease in size, under the effeets of resistanee 
training. 

vas/o 

vessel 

Vasodilation (widening) of the blood vessels in muscle tissue during exercise 
brings more blood into the tissue. 

The Meehanies ofMuscle Movement 

erg/o 

work 

Synergists are muscles that work together. 

syn- 

with, together 

A synapse is a point of communication between a neuron and another eell. 

Skeletal Muscle Gronps 

braehi/o 

arm 

The bieeps braehii and trieeps braehii are in the arm. 

quadr/i 

four 

The quadriceps muscle group eonsists of four muscles. 
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Quest ons for Study and Rev ew 


BLIILDING IINDERSTANDING 

Fill in the Blanks 

1. The point at which a nerve fiber eontaets a muscle eell is 

ealled the_. 

2. A single neuron and all the muscle fibers it stimulates 

make up a(n)_. 

3. A wave of eleetrie current that spreads along a plasma 

membrane is ealled a(n)_. 


4. A eontraetion in which there is no ehange in muscle 
length but there is a great inerease in muscle tension is 


5. A skeletal muscle’s partially eontraeted state that is 
normal even when the muscle is not in use is ealled 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


_ 6 . Raises and pulls baek the shoulder 

_ 7. Aetive in breathing 

_ 8 . Closes jaw 

_ 9. Muscle of the perineum 

_ 10. Closes lips 

Mnltiple Choice 

_ 11. From superficial to deep, the eorreet order of muscle 

structure is 

a. deep faseia, epimysium, perimysium, and endomysium 

b. epimysium, perimysium, endomysium, and deep 
faseia 

C. deep faseia, endomysium, perimysium, and 
epimysium 

d. endomysium, perimysium, epimysium, and deep 
faseia 

_ 12. What is the function of calcium ions in skeletal muscle 

eontraetion? 

a. bind to reeeptors on the motor end plate to stimu- 
late muscle eontraetion 

b. cause a pH ehange in the eytoplasm to trigger 
muscle eontraetion 

C. bloek the myosin-binding sites on aetin 

d. bind to regulatory proteins to expose myosin- 
binding sites on aetin 


a. levator ani 

b. masseter 

C. orbicularis oris 

d. trapezius 

e. diaphragm 


13. Which structure is a broad flat extension that attaehes 
muscle to a bone or other muscle? 

a. tendon 

b. faseiele 

C. aponeurosis 
d. motor end plate 

14. Which type of lever is responsible for forearm flexion? 

a. first-elass 

b. seeond-elass 
C. third-elass 
d. fourth-class 

15. Which muscle is most involved in the aet of quiet 
breathing? 

a. sternoeleidomastoid 

b. peetoralis major 
C. intereostal 

d. diaphragm 


LINDERSTANDING CONCEPTS 


16. Compare smooth, eardiae, and skeletal muscle with 
respeet to loeation, structure, and function. Briefly explain 
how eaeh type of muscle is speeialized for its function. 

17. Explain what is meant by the statement “The membrane 
potential in resting muscle eells is about -70 mV.” 

18. Explain the eoneept of excitability in muscle eells and 
how excitability is neeessary for muscle function. 


19. Deseribe four substances stored in skeletal muscle 
eells that are used to manufacture a eonstant supply 

of ATP. 

20. The first signs of Shane’s muscular dystrophy was 
weakness of his thigh muscles. Name the muscles that are 
involved in movement of the thigh. 
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21. Name the following muscle(s): 

a. antagonist of the orbicularis oculi 

b. prime mover in arm adduction 
C. prime mover in hand extension 

d. antagonist of zygomaticus major 

e. prime mover in dorsiflexion 

f. antagonist of the braehialis 

CONCEPTUAL THINKING 

24. Margo reeently began working out and jogs three times 
a week. After her jog, she is breathless, and her muscles 
aehe. From your understanding of muscle physiology, 
deseribe what has happened inside of Margo’s skeletal 
muscle eells. How do Margo’s muscles reeover from this? 
If Margo continues to exercise, what ehanges would you 
expect to occur in her muscles? 


22. During a Cesarean seetion, a transverse ineision is made 
through the abdominal wall. Name the muscles ineised, 
and state their functions. 

23. What effeet does aging have on muscles? What ean be 
done to resist these effeets? 


25. Alfred suffered a mild stroke, leaving him partially 

paralyzed on his left side. Physieal therapy was ordered to 
prevent left-sided weakness. Preseribe some exercises for 
Alfred’s shoulder and thigh. 


For more questions, see the Learning Aetivities on 

thePoint®. 










Coordination and Control 



CHAP ER 8 ► The Nervous System: The Spinal Cord and Spinal Nerves 

CHAP ER 9 ► The Nervous System: The Brain and Cranial Nerves 

CHAPTER 10 ► The Sensory System 

O-SAP ER 11 ► The Endoerine System: Glands and Hormones 

ln Chapter I, we introduced the eoneept of homeostasis—the maintenanee of eertain body functions 
within set limits. This unit discusses how the body deteets ehanges in the external and internal environ- 
ments and plans the appropriate response. Two body systems focus on communication: the nervous sys- 
tem (which includes the sensory system) and the endoerine system. We begin with the nervous system. 






CHAPTER 


The Nervous System: 

The Spinal Cord and Spinal Nerves 



Learning Ob eetives 


After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► OutLine the organization of the nervous 

system aeeording to structure and 
function. p. 154 

2 ► Deseribe the structure of a neuron. 

p. 155 

3 ► ExpLain the construction and function of 

the myeLin sheath. p. 156 

4 ► Deseribe how neuron fibers are brn’Lt into 

a nerve. p. 156 

5 ► List four types of neurogLia in the 

eentraL nervous system, and eite the 
functions of eaeh. p. 158 

6 ► Diagram and deseribe the steps in an 

aetion potentiaL. p. 159 

7 ► ExpLain the roLe of neurotransmitters 

in impuLse transmission at a synapse. 

p. 160 

8 ► Deseribe the distribution of gray and 

white matter in the spinaL eord. p. 163 

9 ► Deseribe and name the spinaL nerves and 

three of their main pLexuses. p. 164 

ÌO^ List the eomponents of a refLex are. 

p. 166 

11 ► Defi ne a simpLe refLex, and give severaL 

exampLes of refLexes. p. 167 

12 ► Compare the Loeations and functions of 

the sympathetie and parasympathetie 
nervous systems. p. 167 

13 ► ExpLain the roLe of ceLLuLar reeeptors in 

the aetion of neurotransmitters in the 
autonomic nervous system. p. 170 

14 ► Llsing the ease study, deseribe the 

effeets of demyeLination on motor and 
sensory function. pp. 153 , 171 

15 ► Show how word parts are used to buiLd 

words reLated to the nervous system 
(see Word Anatomy at the end of the 
ehapter). p. 173 













A & P ìn AetlOr Sue’s Case: The Importanee of Myelin 



Dr. Jensen gLaneed at her 
patient's ehart as she 
stepped into the consuLt- 
ing room. Sue Pritehard, a 
seemingLy heaLthy 26-year- 
oLd Caucasian, had pre- 
sented to her famiLy doetor 
with right-hand weakness 
and difficuLty in waLking, a feeLing that she was off baL- 
anee. Some preLiminary tests of her muscuLar strength and 
refLexes had Led her to suspect muLtipLe seLerosis (MS), a 
disease that affeets the nerves. In addition to the referraL, 
she had ordered a magnetie resonanee image (MRI) of her 
brain and spinaL eord. 

yy Hi Sue. My name is Dr. Jensen. I'm a neuroLogist, which 
means I speeiaLize in the diagnosis and treatment of nervous 
system disorders. Let's start with a few tests to determine 
how weLL your brain and spinaL eord communicate with the 
rest of your body. Then, we'LL take a Look at your MRI resuLts." 

LJsing a refLex hammer, Dr. Jensen tapped on the ten- 
dons of severaL muscLes in Sue's arms and Legs to eLieit 
streteh refLexes. Her responses indieated damage to areas 


of the spinaL eord that eontroL refLexes. The doetor aLso 
deteeted muscLe weakness in Sue's Limbs—an indieation of 
damage to the deseending traets in the spinaL eord, which 
earry motor nerve impuLses from the brain to skeLetaL mus- 
de. In addition, she diseovered that Sue's sense of touch 
was impaired—an indieation of damage to the spinaL eord's 
aseending traets, which earry sensory impuLses from reeep- 
tors in the skin to the brain. Sue was exhibiting severaL of 
the most eommon eLinieaL signs of MS. 

Dr. Jensen then showed Sue the resuLts of her MRI sean. 
"Here's the MRI of your spinaL eord. The nervous tissue mak- 
ing up the spinaL eord is organized into two regions—this 
inner region of gray matter and this outer one of white mat- 
ter. If you Look eLoseLy at the white matter, you ean see sev- 
eraL damaged areas, which we eaLL Lesions. They are causing 
many of your symptoms because they prevent your spinaL 
eord from transmitting impuLses between your brain and the 
rest of your body. These Lesions, or sderoses, are what give 
muLtipLe sderosis its name." 

The evidenee shows that Sue has MS, a disease of neurons 
in the eentraL nervous system (CNS). In this ehapter, we Learn 
more about neurons and the spinaL eord, one part of the CNS. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: The Cauda Equina 

► Web Chart: Neuroglia 

► Animation: The Synapse and the Nerve lmpulse 

► Animation: The Aetion Potential 

► Animation: The Myelin Sheath 

► Animation: The Reflex Are 

► Health Professions: Occupational Therapist 

► Detailed ehapter Outline 


► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 

► Auditory Aetivities 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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n 

^flLOOKBflCK 

In Cbapter 7, we disenssed boiv aetion potentials and neuro- 
transmitters are involved in muscle eontraetion. Noiv, ive 
broaden our outlook to see bow tbe nervous system uses 
tbese same signals to transmit information and eoordinate 
responses to ebanges in tbe environment. 


Overvievv of the Nervous 

System 

No body system is eapable of fimetioning alone. All are inter- 
dependent and work together as one unit to maintain normal 
eonditions, or homeostasis. The nervous system serves as the 
ehief eoordinating ageney for most body functions. Conditions 
both within and outside the body are eonstantly ehanging. 
The nervous system must deteet and respond to these ehanges 
(known as stimnli) so that the body ean adapt itself to new 
eonditions. 

The nervous system ean be eompared with a large eor- 
poration in which market researehers (sensory reeeptors) 
feed information into middle management (the spinal eord), 
who then transmit information to the ehief executive offi- 
eer or CEO (the brain). The CEO organizes and interprets 
the information and then sends instmetions out to workers 
(effeetors) who earry out appropriate aetions for the good of 
the eompany. These instmetions are communicated by e-mail 
through a network, which, like the body’s nerves, earries 
information throughout the system. 

Although all parts of the nervous system work in eoor- 
dination, portions may be grouped together on the basis of 
either structure or function. 


DIVISIONS OF THE NERVOIIS SYSTEM 

The entire nervous system is elassified into two divisions 

(Fig. 8-1): 

■ The eentral nervous system (CNS) includes the brain and 
spinal eord. 

■ The peripheral (per-IF-er-al) nervous system (PNS) is made 
up of all the nerves outside the CNS. It includes all the era- 
nial nerves that earry impulses to and from the brain and 
all the spinal nerves that earry messages to and from the 
spinal eord. 9 Remember ; even tbongb tbe eranial nerves 
attaeb to tbe brain, tbey are still part oftbe PNS. 

The CNS and PNS together include all of the nervous tissue 
in the body. 

Functional Divisions of the PNS The PNS is split by 

function into two subdivisions. The somatie nervous sys- 
tem eontrols voluntary functions, whereas the autonomic 
nervous system (ANS) eontrols functions we eannot eon- 
sciously eontrol ( fable 8-1). Any tissue or organ that ear- 
ries out a nervous system eommand is ealled an effeetor, 
all of which are muscles or glands. 


Peripheral nervous 
system: 


Central nervous 
system: 


Cranial 

nerves 


Spinal 

nerves 


Spinal 
/ eord 



Figure 8-1 


Anatomie divisions of the nervous system. 


posterior view. KEY POINTThe nervous system is divided 
structurally into a eentral nervous system and a peripheral nervous 
system. J w ZOOMING IN What structures make up the eentral 
nervous system?The peripheral nervous system? 


The somatie nervous system is voluntarily eontrolled 
(by conscious will), and all its effeetors are skeletal muscles 
(deseribed in Chapter 7). The nervous system’s involuntary 
division is ealled the autonomic nervous system, making ref- 
erenee to its automatic aetivity. It is also ealled the viseeral 



_ i 

| Functional Divisions 
of the Peripheral 
Nervous System 

Division 

Control Effeetors 

Somatie nervous 
system 

Voluntary Skeletal muscle 

Autonomic nervous 

Involuntary Smooth muscle, eardiae 

system 

muscle, and glands 
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nervous system because its effeetors are smooth muscle, ear- 
diae muscle, and glands, which are found in the soft body 
organs, the viseera. The ANS is deseribed in more detail 
later in this ehapter. 

Although these divisions are helpful for study pur- 
poses, dividing the PNS and its effeetors by function ean 
be misleading. Although skeletal muscles ean be eon- 
trolled voluntarily, they may function eommonly with- 
out conscious eontrol. The diaphragm, for example, a 
skeletal muscle, typieally functions in breathing without 
conscious thought. In addition, we have eertain rapid 


Dendrites 


Cell body 


Myelin 



eovered with 
myelin sheath 


Muscle 


Figure 8-2 


Diagram of a motor neuron. (j KEY POINT 


A neuron has fìbers extending from the eell body. Dendrites earry 
impulses toward the eell body; axons earry impulses away from the 
eell body.The break in the axon denotes length.The arrovvs show 
the direetion of the nerve impulse. (j ZOOMING IN How do you 
know the neuron shown here is a motor neuron? Is it part of the 
somatie or viseeral nervous system? Explain. 


reflex responses involving skeletal muscles—drawing the 
hand away from a hot stove, for example—that do not 
involve the brain. In eontrast, people ean be trained to 
consciously eontrol involuntary functions, such as blood 
pressure and heart rate, by training techniques known as 
biofeedbaek. 


CHECKPOINTS 



8-1 VVhat are the two divisions of the nervous system based 
on structure? 


8-2 VVhat division of the PNS is voluntary and eontrols 
skeletal muscles? VVhat division is involuntary and 
eontrols smooth muscle,cardiac muscle,and glands? 


Neurons and Their Functions 

The functional eells of the nervous system are highly speeial- 
ized eells ealled neurons (Fig. 8-2). These eells have a unique 
structure related to their function. 


STRUCTURE OF A NEURON 

The main portion of eaeh neuron, the eell body, eontains the 
nucleus and other organelles typieally found in eells. A distin- 
guishing feature of the neurons, however, is the long, threadlike 
fibers that extend out from the eell body and earry impulses 
aeross the eell (Fig. 8-3). 

Dendrites and Axons Two kinds of fibers extend from 

the neuron eell body: dendrites and axons. 

■ Dendrites are neuron fibers that conduct impulses to the 
eell body. Most dendrites have a highly branehed, tree- 
like appearanee (see Fig. 8-2). In faet, the name eomes 
from a Greek word meaning “tree.” Dendrites function 


Nucleus Nucleolus 



Axon Cell body Dendrite 


Figure 8-3 


Mieroseopie view of a neuron. Based on staining 


properties and structure,the fìber on the left is identified as an axon; 
the fiber on the right is a dendrite.The elear spaee around the axon 
is caused by the staining procedure. 
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as reeeptors in the nervous system. That is, they reeeive a 
stimulus that begins a neural pathway. In Chapter 10, we 
deseribe how the dendrites of the sensory system may be 
modified to respond to a speeifie type of stimulus, such 
as pressure or taste. 

Axons (AK-sons) are neuron fibers that conduct impulses 
aivay from the eell body (see Fig. 8-2). These impulses 
may be delivered to another neuron, to a muscle, or to a 
gland. A neuron has only one axon, which ean extend up 
to 1 m and give off many branehes. 


I he Myelin Sheat Some axons are eovered with a 
whitish, fatty substance ealled myelin (Ml-eh-lin) that 
insulates and proteets the fiber (see Fig. 8-2). In the 
PNS, myelin is actually entire eells, known as Schwann 
(shvahn) eells, that are wrapped many times around the 
axon like a jelly roll (Fig. 8-4). The eell bodies and most 
of the eytoplasm get squeezed into the outermost layer 



Schwann 

eell 

A 





Nucleus 


Axon 



Cytoplasm 


Schwann eell 
membrane 



Myelin 


sheath 


Neurilemma 


Axon 

eytoplasm 


Axon 

membrane 


B 


of the Schwann eell wrapping, known as the neurilemma 
(nu-rih-LEM-mah). 

When the sheath is eomplete, small spaees remain 
between the individual Schwann eells. These tiny gaps, ealled 
nodes (originally, nodes of Ranvier), are important in speed- 
ing nerve impulse conduction. In the CNS, the myelin sheath is 
formed by another type of eell, the oligodendroeyte (ol-ih-go- 
DEN-dro-site) (literally meaning “eell with few dendrites”). 
One oligodendroeyte sends cellular extensions to myelinate 
several neighboring axons (see Fig. 8-6 and the later discus- 
sion of oligodendroeytes). The eytoplasm and nucleus remain 
with the oligodendroeyte, so CNS neurons do not have a 
neurilemma. 

Schwann eells help injured neurons regenerate. 
Undamaged Schwann eells near the injury divide to produce 
replaeement Schwann eells. These new eells remove the dam- 
aged tissue and provide a mold (tube) to guide the extension 
of the new axon. Unfortunately, oligodendroeytes in the CNS 
do not have the same eapabilities. While they ean partially 
restore the myelin eoating if it gets damaged, they eannot 
guide axon regeneration to the same extent as Schwann eells. 
If CNS neurons are injured, the damage is almost ahvays per- 
manent. Even in the peripheral nerves, however, repair is a 
slow and uncertain proeess. 

Myelinated axons, because of myelin’s eolor, are 
ealled white fibers and are found in the white matter of the 
brain and spinal eord as well as in most nerves through- 
out the body. The fibers and eell bodies of the gray mat- 
ter are not eovered with myelin. Sue, the subject of the 
ease study, was diagnosed with multiple selerosis. This 
disorder results from the loss of myelin, and at present 
there is no cure. See Box 8-1, “Multiple Selerosis and 
Experimental Design” to learn how seientists test poten- 
tial new treatments. 

TYPES 0F NEIIRONS 

The job of neurons is to relay information to or from the CNS 
or to different plaees within the CNS itself. There are three 
fimetional eategories of neurons: 

■ Sensory neurons, also ealled afferent nemons, conduct 
impulses to the spinal eord and brain. For example, if 
you touch a sharp objeet with your finger, sensory neu- 
rons will earry impulses generated by the stimulus to the 
CNS for interpretation. 

■ Motor neurons, also ealled efferent nemons , earry 
impulses from the CNS to rmiseles and glands (effeetors). 
For example, the CNS responds to the pain of touching a 
sharp objeet by direeting skeletal rmiseles in your arm to 
flex and withdraw your hand. 


Figure 8-4 


Formation of a myelin sheath. { [j KEY POINT 


The myelin sheath is formed by Sehvvann eells in the peripheral 
nervous system. A. Sehvvann eells vvrap around the axon, ereating 
a myelin eoating. B.The outermost layer of the Sehvvann eell 
forms the neurilemma.Spaces betvveen the eells are the nodes (of 
Ranvier). 


Interneurons, also ealled eentral or assoeiation neu- 
rons , relay information from plaee to plaee within the 
CNS. Following our original example, in addition to 
immediate withdrawal from pain, impulses may travel 
to other parts of the CNS to help retain balanee as you 
withdraw your hand or to help you learn how to avoid 
sharp objeets! 
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Box 8-1 




Miiltiple Selerosis and Experimental Design 


Sue,the ease study subject,suffers from mul- 
tiple selerosis (MS). Seientists have not yet 
identifìed an effeetive drug forthis disorder,so researeh continues. 
Imagine that you developed a new drug to treat MS. How would 
you design a trial to investigate your drug? Sinee it is untested, a 
good starting point would be testing your drug in miee that have 
been treated with a virus that demyelinates neurons. 

Step 1. The point of your study is to investigate the effeets 
of your drug. However, you want to minimize the possibility 
that the injeetions themselves have an effeet. So, your study 
requires two groups.The experimental group eonsists of miee 
treated with the drug. The eontrol group eonsists of miee 
injeeted with a plaeebo, a solution that does not eontain any 
medieation. Plaeebos are particularly important in human tri- 
als, because believing that something might help ean actually 
produce positive effeets. Any faetor that ean ehange is ealled 
a variable. So, the type of injeetion (plaeebo or drug) is the 
experimental variable (also known as the independent 
variable). 

Step 2. In order to isolate the effeet of your drug, the experi- 
mental variable should be the only differenee between your 
two groups.You need to minimize all other differenees, ealled 
eontrolled variables. So,your miee should be of the same age, 
gender, and genetie strain.They should also eat the same diet, 
be housed in identieal eages, and have the same light:dark 
eyele. Even eage position has been shown to modify a mouse's 


physiology.Controlled variables in human studies are far more 
eomplieated, but ean include age, gender, soeioeeonomie sta- 
tus,education,and life habits such as smoking,among others. 

Step 3. Group size is important. Large groups will provide 
more trustworthy statistieal analysis of results (see the One 
Step at aTime box in ehapter 21).The size of your groups may 
be limited by manpower and fìnanees, but aim for at least 
20 miee per group.Large group sizes (in the hundreds or thou- 
sands) are particularly important in human studies, because 
they ean minimize the impaet of individual differenees among 
participants.Studies with few partieipants do not produce reli- 
able data. 

Step 4. Deeide howyou will measure your drug's effeetiveness. 
For instanee, you could examine the miee's ability to run on a 
rodent wheel or take a brain sample to direetly measure the 
extent of demyelination or remyelination. 

Seientists must take great eare in designing and earrying out 
their experiments, because a poorly designed or interpreted 
experiment ean have a huge negative impaet. For instanee, a 
study using only 13 partieipants and few eontrolled variables 
was responsible for the fallaey that vaeeines cause autism. 
Armed with a basie understanding of variables and experi- 
mental design, you ean start to eritieally evaluate the elaims 
you hear about through the media and online. See the Study 
Guide for praetiee identifying good and bad experimental 
designs. 


NERVES AND TRACTS 

Everywhere in the nervous system, neuron fibers (den- 
drites and axons) are eolleeted into bundles of varying size 
(Fig. 8-5). A fiber bundle is ealled a nerve in the PNS but 
a traet in the CNS. Traets are loeated both in the brain, 
where they conduct impulses between regions, and in the 
spinal eord, where they conduct impulses to and from the 
brain. 

A nerve or traet eontains many neuron fibers, just like 
an eleetrie eable eontains many wires. As in muscles, the 
individual fibers are organized into groups ealled faseieles 
and are bound together by eonneetive tissue. The names 
of the eonneetive tissue layers are similar to their names in 
muscles, but the root neur/o , meaning “nerve,” is substi- 
tuted for the muscle root my/o, as follows: 

■ Endoneurium surrounds eaeh individual fiber. 

■ Perineurium surrounds eaeh faseiele. 

■ Epineurium surrounds the whole nerve. 

A nerve may eontain all sensory fibers, all motor fibers, or a 
eombination of both types of fibers. A few of the eranial nerves 
eontain only sensory fibers, so they only conduct impulses 
toward the brain. These are deseribed as sensory (afferent) 


nerves. A few of the eranial nerves, ealled motor (effer- 
ent) nerves, eontain only motor fibers, so they only conduct 
impulses away from the brain. However, most of the eranial 
nerves and all of the spinal nerves eontain both sensory and 
motor fibers and are referred to as mixed nerves. Note that 
in a mixed nerve, impulses may be traveling in two direetions 
(toward or away from the CNS), but eaeh individual fiber in 
the nerve is earrying impulses in one direetion only. Think of 
the nerve as a large highway. Traffie may be going north and 
south, for example, but eaeh lane earries ears traveling in only 
one direetion. 


CHECKPOINTS 



□ 8-3 What is the name of the neuron fìber that earries 

impulses toward the eell body? What is the name of the 
fìber that earries impulses away from the eell body? 


□ 8-4 What eolor deseribes myelinated fibers? What eolor 

deseribes the nervous system's unmyelinated tissue? 


□ 8-5 What name is given to nerves that eonvey impulses 

toward the CNS? What name is given to nerves that 
transport away from the CNS? 


□ 8-6 What is a nerve? What is a traet? 






158 Unit 3 Coordination and Control 


Epineurium (eovering 
a peripheral nerve) 


Faseieles 


A 



Myelin sheath 


Figtire 8-5 


Structure of a nerve. (j KEY POINT Neuron fìbers are eolleeted in bundles ealled faseieles. 


Groups of faseieles make up a nerve.Connective tissue holds all eomponents of the nerve together. A. Structure of a 
nerve showing neuron fibers and faseieles. B. Mierograph of a nerve (XI 32).Two faseieles are shown. Perineurium (P) 
surrounds eaeh faseiele. Epineurium (Ep) is around the entire nerve. Individual axons (Ax) are eovered with a myelin 
sheath (MS). Inset shows myelinated axons surrounded by endoneurium. (j ZOOMING IN What is the deepest layer 
of eonneetive tissue in a nerve? What is the outermost layer? 


Neuroglia 

Neurons make up only 10% of nervous tissue. The remaining 
90% of the CNS and the PNS eonsists of support eells known 
as neuroglia (nu-ROG-le-ah) or glial (GLI-al) eells, from a 
Greek word meaning “glue.” The Schwann eell that forms the 
myelin sheath in the PNS is one type of neuroglia. Other types 
are loeated exclusively in the CNS (Fig. 8-6). Some of these 
and their functions are as follows: 

■ Astroeytes (AS-tro-sites) are star-shaped eells serving 
many functions. They physieally support and anehor neu- 
rons; they regulate the eomposition of the extracellular 
fluid by absorbing and degrading neurotransmitters and 
excess ions; they form a barrier between blood and brain 
tissue; and they aet as stem eells to make new neurons. 
These new neurons are important in the generation of 
memories. Astroeytes ean also contribute new neurons 
to repair damaged areas, but their ability to eompletely 
repair brain damage is limited. 

■ Oligodendroeytes form the myelin sheath of CNS 
neurons. 

■ Mieroglia (mi-KROG-le-ah) aet as phagoeytes to remove 
pathogens, impurities, and dead neurons. 



Bacterium 


Astroeyte 
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sheath 


Oligodendroeyte 
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Ventriele (fluid 
í *filled eavity) 


Figure 8-6 


Neuroglia in the eentral nervous system. 



KEY POINT Neuroglia serve multiple roles in the nervous system. 
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■ Ependymal (ep-EN-dih-mal) eells line ventrieles in the 
brain, flmd-filled eavities discussed in Chapter 10. These 
eells form a barrier between the nervous tissue of the 
CNS and the fluid filling the ventrieles, eerebrospinal 
fluid (CSF). In a modified form, these eells also synthe- 
size CSF and promote its movement in the ventrieles. 

Stem eells produce new neuroglia throughout life. Because 
neuroglia multiply more frequently than do neurons, most 
tumors of nervous tissue are glial tumors. 


See the Student Resources on lePoint for a sum- 
mary of the different neuroglial types. 


The Nervous System at Work 

We presented a snapshot of how the nervous system works in 
Chapter 8, when we explained how neurons stimulate muscle 
eontraetion. Here, we revisit and expand upon the meehanisms 
by which signals pass down neurons and are transmitted from 
a neuron to a neighboring eell. 

THE NERVE IMPULSE 

Reeall that neuron fibers ean extend over large distanees—up 
to 1 m (3 ft). Speeialized eleetrieal signals ealled aetion poten- 
tials, or nerve impnlses , pass from one end of the neuron to the 
other, much like an eleetrie current spreads along a wire. 

he Resting state Before we discuss the aetion poten- 
tial, though, we need to review the basies of membrane 
potential discussed in Chapter 7. In living eells, positive 
and negative ions are unequally distributed in the eyto- 
plasm and extracellular fluid. This unequal distribution 
ereates an eleetrie eharge aeross the membrane, known as 
a membrane (or transmembrane) potential. In this state, 
the membrane is said to be polarized , because oppo- 
sitely eharged partieles are separated. In resting eells, the 
membrane potential is negative (about -70 millivolts, or 
mV) because of the relative excess of negative ions in the 
eytoplasm. 

Also important for the generation of a nerve impulse 
are large eoneentration gradients for sodium and potassium 
ions aeross the plasma membrane. Sodium ions are more 
eoneentrated along the extracellular side of the plasma 
membrane than they are along the intracellular side of the 
membrane. Conversely, potassium ions are in higher eon- 
eentration on the inside than on the outside of the mem- 
brane. The plasma membrane uses aetive transport to 
maintain these levels, as ions are eonstantly diffusing aeross 
the membrane in small amounts through ehannels known 
as leak ebannels and during nerve impulse transmission. 


(Remember that substances flow by diffusion from an area 
where they are in higher eoneentration to an area where 
they are in lower eoneentration.) This transport system 
requires energy from ATP and is deseribed as the sodium- 
potassium pump or Na + -K + pump. 

ehanges in Membrane Potential The movement of 

ions aeross the plasma membrane ehanges the membrane 
potential (Fig. 8-7A). It beeomes less negative (more posi- 
tive) if positive ions enter the eell to neutralize the unpaired 
negative ions. This ehange is known as depolarization, 
because it reduces membrane polarity eloser to zero. If 
positive ions leave the eell (or if negative ions enter the 
eell), the membrane beeomes more negative (or less posi- 
tive). If this ehange returns the membrane potential to its 
resting value, it is known as repolarization. If the mem- 
brane potential falls below its resting value, the ehange is 
known as hyperpolarization. 

he Aetion Potentia Aetion potentials result from 
ion movement aeross the plasma membrane. A simple 
deseription of the events in an aetion potential is as fol- 
lows (Fig. 8-7B): 

■ Rising phase. A stimulus, such as an eleetrieal, ehemieal, 
or meehanieal signal of adequate foree, causes speeifie 
ehannels in the membrane to open and allow Na + ions 
to flow into the eell. These newly arrived positive ions 
pair with and eventually outnumber the negative ions, 
so the membrane potential rises from -70 mV to about 
+55 mV (see Fig. 8-7). 

■ Falling phase. In the next step of the aetion potential, 
K + ehannels open to allow K + to leave the eell. The 
departure of positively eharged potassium ions causes 
the membrane potential to fall from about +55 baek 
to -70 mV, so it is deseribed as the falling phase. Sinee 
the membrane potential returns to its resting value, it is 
also known as repolarization. Note that the ions moving 
in this step are not the same ones that caused the ris- 
ing phase. During the falling phase, the membrane does 
not respond to further stimulation. For this reason, the 
aetion potential spreads in one direetion along the mem- 
brane from the point of excitation. 

The aetion potential occurs rapidly, in less than one-thousandth 
of a seeond, and is followed by a rapid return to the resting 
state. However, this loeal eleetrieal ehange in the membrane 
opens the sodium ehannels in the adjaeent membrane region, 
causing a new aetion potential (Fig. 8-8). And so, the aetion 
potential spreads along the membrane as a wave of eleetrie 
current. m Stiidents often eonfiise tbe aetion potential witb tbe 
membrane potential. Tbe membrane potential is tbe eleetrieal 
ebarge tbat exists aeross tbe plasma membrane ofall eells. Tbe 
aetion potential deseribes a partienlar ebange in tbe membrane 
potential, eonsisting ofa rising pbase and a falling pbase. 

The Role of Myelin in Conduction As previously 

noted, some axons are eoated with the fatty material 
myelin (see Fig. 8-4). If a fiber is not myelinated, the aetion 



CHECKPOINT 

8-7 What is the name of the nervous system's nonconducting 
cells,which proteet, nourish,and supportthe neurons? 
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e n 




B 


Time (msee) 


Figure 8-7 


The membrane potential. KEY POINTThe membrane potential 
ehanges when ions eross the plasma membrane. A.Speeialized terms deseribe ehanges 
in the membrane potential. B.The aetion potential eonsists of a rising phase and a falling 
phase. In the rising phase, Na + ehannels open, and Na + enters the eell. In the falling phase, 
K + membrane ehannels open,and K + leaves the eell. ZOOMING IN Is the sodium 
eoneentration higher in the eytosol or in the interstitial fluid? 


potential spreads continuously along the eell’s membrane 
(see Fig. 8-8). When myelin is present on an axon, however, 
it insulates the fiber against the spread of current. This would 
appear to slow or stop conduction along these fibers, but in 
faet, the myelin sheath speeds conduction. The reason is that 
the myelin causes the aetion potential to “jump” like a spark 
from node to node along the sheath (Fig. 8-9). This type 
of conduction, ealled saltatory (SAL-tah-to-re) conduction 
(from the Latin verb meaning “to leap”), is actually faster 
than continuous conduction, because fewer aetion potentials 
are needed for an impulse to travel a given distanee. It is this 
type of conduction that is impaired in Sue’s ease of MS. 


See the Student Resources on thePoint® to view the 
animations “The Synapse and the Nerve lmpulse,” 
“The Aetion Potential,” and “The Myelin Sheath ” 


THE SYNAPSE 

Neurons do not work alone; impulses must be transferred 
between neurons to eonvey information within the nervous 
system. The point of junction for transmitting the nerve 
impulse is the synapse (Fig. 8-10). (There are also synapses 
between neurons and effeetor organs. We studied synapses 
between neurons and muscle eells in Chapter 7.) At a nerve- 
to-nerve synapse, transmission of an impulse usually occurs 
from the axon of one eell, the presynaptie eell, to the dendrite 
of another eell, the postsynaptie eell. 

As deseribed in Chapter 7, information must be passed 
from one eell to another at the synapse aeross a tiny gap 
between the eells, the synaptie eleft. Information usually 
erosses this gap by means of a ehemieal signal ealled a neuro- 
transmitter. While the eells at a synapse are at rest, the neu- 
rotransmitter is stored in many small vesieles (saes) within 
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Stimulus 



Depolarization 


+ ++ + + -- + + + + 



+ ++ + + -- + + + + 


Repolarization 


+ ++ + + + + + -- + + 



+ ++ + + + + + -- + + 


Figure 8-8 


A nerve impulse. KEY POINT 


From a point of stimulation,a wave of depolarization 
followed by repolarization travels along the membrane 
of a neuron.This spreading aetion potential is a nerve 
impulse. (j ZOOMING IN What happenstothe eharge 
on the membrane at the point of an aetion potential? 


vesieles fuse with the membrane and release their neurotrans- 
mitter into the synaptie eleft (an example of exocytosis, as 
deseribed in Chapter 3). The neurotransmitter then aets as a 
ehemieal signal to the postsynaptie eell. 

On the postsynaptie reeeiving membrane, usually that of 
a dendrite, but sometimes another eell part, there are speeial 
sites, or reeeptors, ready to piek up and respond to speeifie 
neurotransmitters. Reeeptors in the postsynaptie eell’s mem- 
brane influence how or if that eell will respond to a given 
neurotransmitter. 

Neurotransmítters Although there are many known 

neurotransmitters, some eommon ones are norepinephrine 
(nor-ep-ih-NEF-rin), serotonin (ser-o-TO-nin), dopamine 
(DO-pah-mene), and aeetyleholine (as-e-til-KO-lene). Aeetyl- 
eholine (ACh) is the neurotransmitter released at the neuro- 
muscular junction. 

It is eommon to think of neurotransmitters as stimulat- 
ing the eells they reaeh; in faet, they have been deseribed as 
such in this discussion. Stimulatory neurotransmitters depo- 
larize neurons, inereasing the ehanee that an aetion poten- 
tial will occur. Note, however, that some of these ehemieals 
inhibit the postsynaptie eell and keep it from reaeting, as will 
be demonstrated later in discussions of the ANS. These inhib- 
itory neurotransmitters hyperpolarize the eell, making aetion 
potentials less likely. 

The eonneetions between neurons ean be quite complex. 
One eell ean braneh to stimulate many reeeiving eells, or a 
single eell may be stimulated by a number of different axons. 
The eell’s response is based on the total effeets of all the neu- 
rotransmitters it reeeives over a short period of time. 

After its release into the synaptie eleft, the neurotrans- 
mitter may be removed by several methods: 

■ It may slowly diffuse away from the synapse. 


the enlarged axon endings, usually ealled end bulbs or termi- 
nal knobs , but known by several other names as well. 

When an aetion potential traveling along a neuron mem- 
brane reaehes the end of the presynaptie axon, some of these 


Myelin sheath Node of Axon 

/ Ranvier / 



1 msee later 


Figure 8-9 


Saltatory conduction. ( w ‘ KEY POINTThe 


aetion potential along a myelinated axon jumps from node to node, 
speeding conduction. 


■ It may be rapidly destroyed by enzymes in the synaptie 
eleft. 

■ It may be taken baek into the presynaptie eell to be used 
again, a proeess known as renptake. 

■ It may be taken up by neuroglial eells, speeifieally 
astroeytes. 

The method of removal helps determine how long a neuro- 
transmitter will aet. 

Many drugs that aet on the mind, substances known as 
psyeboaetive dmgs , function by affeeting neurotransmitter 
aetivity in the brain. Prozae, for example, inereases the level 
of the neurotransmitter serotonin by bloeking its reuptake 
into presynaptie eells at synapses. This and other seleetive 
serotonin reuptake inhibitors prolong the neurotransmit- 
ter’s aetivity and produce a mood-elevating effeet. They are 
used to treat depression, anxiety, and obsessive-compulsive 
disorder. Similar psyehoaetive drugs prevent the reuptake 
of the neurotransmitters norepinephrine and dopamine. 
Another elass of antidepressants prevents serotonin’s enzy- 
matie breakdown in the synaptie eleft, thus extending its 
aetion. 
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Figure 8-10 


A synapse. ( ^ KEY POINT Neurotransmitters earry impulses aeross 


a synaptie eleft. A.The end bulb of the presynaptie (transmitting) axon has vesieles 
eontaining neurotransmitter, which is released into the synaptie eleft to the membrane 
of the postsynaptie (reeeiving) eell.B. Close-up of a synapse showing reeeptors for 
neurotransmitter in the postsynaptie eell membrane. 


Eleetrieal Synapses Not all synapses are ehemieally 
eontrolled. In smooth muscle, eardiae muscle, and also 
in the CNS, there is a type of synapse in which eleetri- 
eal signals travel direetly from one eell to another. The 
membranes of the presynaptie and postsynaptie eells are 
elose together and an eleetrie eharge ean spread direetly 
between them through an intercellular bridge. 9 Note 
tbat eleetrieal synapses ean use aetion potentials but not 
nenrotransmitters to eonvey a signal. These eleetrieal syn- 
apses allow more rapid and eoordinated communication. 
In the heart, for example, it is important that large groups 
of eells eontraet together for effeetive pumping aetion. 



CHECKPOINTS 

8-8 What are the two stages of an aetion potential, and 
what happens during eaeh? 

8-9 What ions are involved in generating an aetion 

potential? 

□ 8-10 How does the myelin sheath affeet conduction along 

axon? 


□ 8-11 What is the junction between two neurons ealled? 

8-12 As a group, what are all the ehemieals that earry 

information aeross the synaptie eleft ealled? 
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The Spinal Cord 

The spinal eord is the link between the spinal nerves and the 
brain. It also helps eoordinate some simple aetions that do 
not involve the brain. The spinal eord is eontained in and 
proteeted by the vertebrae, which fit together to form a eon- 
tinuous tube extending from the oeeipital bone to the coccyx 
(Fig. 8-11). In the embryo, the spinal eord occupies the entire 
spinal eanal, extending down into the tail portion of the ver- 
tebral column. The bony column grows much more rapidly 
than the nervous tissue of the eord, however, and eventu- 
ally, the end of the spinal eord no longer reaehes the lower 
part of the spinal eanal. This disparity in growth continues to 
inerease so that in adults, the spinal eord ends in the region 
just below the area to which the last rib attaehes (between 


the first and seeond lumbar vertebrae). Individual nerves fan 
out from this point within the vertebral eanal, henee its name 
as the cauda equina (KAW-dah eh-KWI-nah), or horse’s tail. 

STRUCTURE OF THE SPINAL C0RD 

The spinal eord has a small, irregularly shaped eore of gray 
matter (unmyelinated axons and eell bodies) surrounded 
by white matter (myelinated axons) (see Fig. 8-11B and C). 
The internal gray matter is arranged so that a column of 
gray matter extends up and down posteriorly (dorsally), 
one on eaeh side; another column is found in the anterior 
(ventral) region on eaeh side. These two pairs of columns, 
ealled the dorsal horns and ventral horns, give the gray mat- 
ter an H-shaped appearanee in eross-seetion. The bridge of 
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Figure 8-11 


Spinal eord and spinal nerves. A. Posterior view. Nerve plexuses (networks) are shown. Nerves 


extending from the distal eord form the cauda equina. B. Cross-section of the spinal eord showing the organization 
of the gray and white matter.The roots of the spinal nerves are also shown.C. Mieroseopie view of the spinal eord in 


eross-seetion (x5). ^ ZOOMING IN Is the spinal eord the same length as the spinal column? How does the number 
of eervieal vertebrae eompare to the number of eervieal spinal nerves? 
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HOT TOPICS 

Spinal Cord lnjury: erossing the Divide 


Box 8-2 


Approximately 13,000 new eases of trau- 
matie spinal eord injury occur eaeh year in 
the llnited States,the majority involving males 
aged 16 to 30 years. More than 80% of these inju- 
ries are due to motor vehiele aeeidents, aets of violenee, and falls. 
Because neurons show little, if any eapaeity to repair themselves, 
spinal eord injuries almost always result in a loss of sensory or 
motor function (or both),and therapy has focused on injury man- 
agement rather than cure. However, seientists are investigating 
four improved treatment approaehes: 


Minimizing spinal eord trauma after injury. lntravenous 
injeetion of the steroid methylprednisolone shortly after 


injury reduces swelling at the site of injury and improves 
reeovery. 

ilsing neurotrophins to induce repair in damaged nerve tissue. 
Certain types of neuroglia produce ehemieals ealled neu- 
rotrophins (e.g., nerve growth faetor) that have promoted 
nerve regeneration in experiments. 

Regulation ofinhibitory faetors that keep neurons from divid- 
/ng."Turning off"these faetors (produced by neuroglia) in 
the damaged nervous system may promote tissue repair. 
The faetor ealled Nogo is an example. 

Nervous tissue transplantation. Successfully transplanted 
donor tissue may take over the damaged nervous system's 
functions. 


gray matter that eonneets the right and left horns is the 
gray eommissiire (KOM-ih-shure). In the eenter of the gray 
commissure is a small ehannel, the eentral eanal, eontaining 
CSF, the liquid that circulates around the brain and spinal 
eord. A narrow groove, the posterior median sulcus (SUL- 
kus), divides the right and left portions of the posterior 
white matter. A deeper groove, the anterior median fissure 
(FISH-ure), separates the right and left portions of the ante- 
rior white matter. 

The spinal eord neurons do not regenerate easily when 
damaged. So, spinal eord injuries are frequently permanent. 
See Box 8-2, “Spinal Cord Injuries: Crossing the Divide”, 
for more information. 


ASCENDING AND DESCENDING TRACTS 

The spinal eord is the pathway for sensory and motor 
impulses traveling to and from the brain. Most impulses 
are earried in the thousands of myelinated axons in the spi- 
nal eord’s white matter, which are subdivided into traets 
(fiber bundles). Sensory impulses entering the spinal eord 
are transmitted toward the brain in aseending traets of the 
white matter. Motor impulses traveling from the brain are 
earried in deseending traets toward the PNS. 


CHECKPOINTS 



□ 8-13 How are the gray and white matter arranged in the 

spinal eord? 


8-14 What is the purpose of the traets in the spinal eord's 
white matter? 


C7\SEP0INTS 



8-1 Sue's lesions were in the white matter of her spinal eord. 
Are the neuron fìbers in the white matter myelinated or 
unmyelinated? 


8-2 Sue's doetor studied transfer of information from the 
brain to her muscles.Which traets in the spinal eord earry 
these motor impulses? 


See the Student Resources on hePoint to view an 
illustration of the cauda equina. 


The Spinal Nerves 

There are 31 pairs of spinal nerves, usually named after the 
vertebra superior to their point of emergenee (see Fig. 8-11A). 
The exception to this rule is the eervieal nerves; nerves C1 
through C7 emerge above the eorresponding vertebra, and 
C8 arises below vertebra C7. Eaeh nerve passes through an 
intervertebral foramen linking adjaeent vertebrae. 

Eaeh nerve is attaehed to the spinal eord by two roots 
residing within the spinal eanal: the dorsal root and the 
ventral root (see Fig. 8-11B). The dorsal root ganglion, a 
swelling on eaeh dorsal root, eontains the eell bodies of the 
sensory neurons. A ganglion (GANG-le-on) is any eollee- 
tion of nerve eell bodies loeated outside the CNS. 

A spinal nerve’s ventral root eontains motor fibers that sup- 
ply muscles and glands (effeetors). The eell bodies of these neu- 
rons are loeated in the eord’s ventral gray matter (ventral horns). 
Because the dorsal (sensory) and ventral (motor) roots eombine 
to form the spinal nerve, all spinal nerves are mixed nerves. 

BRANCHES 0F THE SPINAL NERVES 

Eaeh spinal nerve eontimies only a short distanee away from 
the spinal eord and then branehes into small posterior divi- 
sions and larger anterior divisions. The posterior divisions 
distribute branehes to the baek. The anterior branehes of the 
thoraeie nerves 2 through 11 beeome the intereostal nerves 
supplying the regions between the ribs. The remaining anterior 
branehes interlaee to form networks ealled plexuses (PLEK- 
sus-eze), which then distribute branehes to the body parts (see 
Fig. 8-11). The three main plexuses are deseribed as follows: 

■ The eervieal plexus supplies motor impulses to the neek 
muscles and reeeives sensory impulses from the neek and 
the baek of the head. The phrenie nerve, which aetivates 
the diaphragm, arises from this plexus. 
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Anterior view Posterior view 


Figure 8-12 


Dermatomes. ft KEY POINT A dermatome is a region of the skin 


siipplied by a single spinal nerve. ^ ZOOMING IN Which spinal nerves earry impulses 
from the skin of the toes? From the anterior hand and fìngers? 


The braehial (BRA-ke-al) plexus sends numerous 
branehes to the shoulder, arm, forearm, wrist, and hand. 
For example, the median nerve emerges from the bra- 
ehial plexus. 

The lumbosacral (lum-bo-SA-kral) plexus supplies 
nerves to the pelvis and legs. The femoral nerve to 
the thigh is part of this plexus. The largest braneh in 
this plexus is the seiatie (si-AT-ik) nerve, which leaves 
the dorsal part of the pelvis, passes beneath the glu- 
teus maximus muscle, and extends down the posterior 
thigh. At its beginning, it is nearly 1 in thiek, but it soon 
branehes to the thigh muscles. Near the knee, it forms 
two subdivisions that supply the leg and the foot. 


DERMATOMES 

Sensory neurons from all over the skin, except for the skin 
of the faee and sealp, feed information into the spinal eord 
through the spinal nerves. The skin surface ean be mapped 


into distinet regions that are supplied by a single spinal nerve. 
Eaeh of these regions is ealled a dermatome (DER-mah-tome) 
(Fig. 8-12). 

Sensation from a given dermatome is earried over its 
eorresponding spinal nerve. This information ean be used to 
identify the spinal nerve or spinal segment that is involved 
in an injury, as sensation from its eorresponding skin sur- 
faee will be altered. In some areas, the dermatomes are not 
absolutely distinet. Some dermatomes may share a nerve sup- 
ply with neighboring regions. For this reason, it is neeessary 
to numb several adjaeent dermatomes to aehieve successful 
anesthesia. 


CHECKPOINTS 



8-15 How many pairs of spinal nerves are there? 

□ 8-16 What types of fìbers are in a spinal nerve's dorsal root? 

What types are in its ventral root? 



8-17 What is the term for a network of spinal nerves? 
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C7\SEP0imS 



8-3 Sue's physieian touched the top of her foot to investigate 
her sense of touch.Which spinal nerve earried the 
sensory signal? 


8-4 What CNS traets would conduct these touch stirrmli to 
the brain? 


Reflexes 

As the nervous system develops, neural pathvvays are formed 
to eoordinate responses. Most of these pathvvays are very eom- 
plex, involving multiple neurons and interaetions betvveen dif- 
ferent regions of the nervous system. Easier to study are simple 
pathvvays involving a minimal number of neurons. Responses 
eontrolled by some of these simpler pathvvays are useful in 
neurologic studies. 


THE REFLEX ARC 

A eomplete pathvvay through the nervous system from stim- 
ulus to response is termed a reflex are. This is the nervous 
system’s basie functional pathvvay. Figure 8-13 illustrates the 
eomponents of a reflex are, using the example of the pin priek 
reflex. Try it yourself—if you touch a taek or pin with your fin- 
ger, your finger will automatically pull away. The fimdamental 
parts of a reflex are are the following: 

1. Reeeptor—the end of a dendrite or some speeialized reeep- 
tor eell, as in a speeial sense organ, that deteets a stimulus. 
In Step 1 of Figure 8-13, a pin priek aetivates a sensory 
reeeptor in the finger. 

2. Sensory neuron —a eell that transmits impulses toward 
the CNS. In Step 2, a dendrite earries the signal from 


Dorsal root 


o lnterneuron 


Dorsal root 
ganglion 


Cell body 


Spinal nerve 


© Sensory 


neuron 



Dorsal 

horn 


Ventral 

horn 


o Reeeptor 


Typieal reflexare.KEY POINT Numbers showthe sequence in the 


Figure 8-13 


pathway of impulsesthroughthespinal eord {solidarrovvs). Contraction ofthe bieeps braehii 
results in flexion of the arm at the elbow. í J ZOOMING IN Is this a somatie or an autonomic 
reflex are? What type of neuron is loeated between the sensory and motor neurons in the CNS? 
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the sensory reeeptor to the eell body in the dorsal root 
ganglion. An axon earries the signal from the eell body 
through the dorsal root and into the CNS (in this ease, 
the spinal eord). 

3. Central nervous system —where impulses are eoordinated 
and a response is organized. In Step 3, the sensory neuron 
synapses with an interneuron within the CNS. Eaeh inter- 
neuron ean reeeive signals from multiple neurons. 

4. Motor neuron —a eell that earries impulses away from the 
CNS. The motor neuron in Step 4 eonveys a signal from 
the interneuron to the skeletal muscle. Motor impulses 
leave the eord through the ventral horn of the spinal eord’s 
gray matter. 

5. Effeetor —a muscle or a gland outside the CNS that earries 
out a response. Step 5 of the figure shows how the bieeps 
braehii responds to the motor signal by eontraeting, thereby 
removing the finger. 

At its simplest, a reflex are ean involve just two neurons, 
one sensory and one motor, with a synapse in the CNS. Few 
reflex ares require only this minimal number of neurons. (The 
knee-jerk reflex deseribed below is one of the few examples in 
humans.) Most reflex ares involve many more, even hundreds, 
of eonneeting neurons within the CNS. The many intrieate pat- 
terns that make the nervous system so responsive and adaptable 
also make it difficult to study, and investigation of the nervous 
system is one of the most aetive areas of researeh today. 

REFLEX ACTIVITIES 

Although reflex pathways may be quite complex, a simple 
reflex is a rapid, uncomplicated, and automatic response 
involving very few neurons. Reflexes are speeifie; a given 
stimulus always produces the same response. When you fling 
out an arm or leg to eateh your balanee, withdraw from a 
painful stimulus, or blink to avoid an objeet approaehing your 
eyes, you are experiencing reflex behavior. A simple reflex are 
that passes through the spinal eord alone and does not involve 
the brain is termed a spinal reflex. Returning to our opening 
eorporation analogy, it’s as if middle management makes a 
deeision independently without involving the CEO. 

The streteh reflex, in which a muscle is stretehed and 
responds by eontraeting, is one example of a spinal reflex. 
If you tap the tendon below the kneeeap (the patellar ten- 
don), the muscle of the anterior thigh (quadriceps femo- 
ris) eontraets, elieiting the knee-jerk reflex. Such streteh 
reflexes may be evoked by appropriate tapping of most 
large muscles (such as the trieeps braehii in the arm and the 
gastrocnemius in the ealf of the leg). Because reflexes are 
simple and predietable, they are used in physieal examina- 
tions to test the eondition of the nervous system. In the 
ease study, Dr. Jensen tested Sue’s streteh reflexes to help 
in diagnosis. 

CHECKPOINT^ 

8-18 What is the name for a pathway through the nervous 
system from a stimulus to an effeetor? 


C7\SEP0MT 



8-5 The physieian in Sue's ease tested the streteh refìexes in 
her limbs. What type of reflexes was she studying? 


See the Student Resources on thePoinf to view the 
animation “The Reflex Are.” 


The Aiitonomie Nervous 
System 

The autonomic (viseeral) nervous system regulates the 
aetion of the glands, the smooth muscles of hollow organs 
and vessels, and the heart muscle. These aetions are earried 
out automatically; whenever a ehange occurs that ealls for a 
regulatory adjustment, it is made without conscious aware- 
ness. The ANS eonsists of the sympathetie and parasympa- 
thetie divisions. These two divisions have distinet functional 
and structural eharaeteristies (Fig. 8-14), as deseribed below 
and summarized in Fables 8-2 and 8 - 2 . 


FUNCTIONS OF THE AUT0N0MIC NERV0US 
SYSTEM 

Most viseeral organs are supplied by both sympathetie 
and parasympathetie fibers, and the two systems generally 
have opposite effeets ( 'able 8-2). The sympathetie sys- 
tem tends to aet as an aeeelerator for those organs needed 
to meet a stressful situation. It promotes what is ealled 
the fight-or-flight response because in the most primitive 
terms, the person must deeide to stay and “fight it out” 
with the enemy or to run away from danger. The times 
when the sympathetie nervous system eomes into play ean 
be summarized by the four “Es,” that is, times of emer- 
geney, excitement, embarrassment, and exercise. If you 
think of what happens to a person who is in any of these 
situations, you ean easily remember the effeets of the sym- 
pathetie nervous system: 

■ inerease in the rate and foree of heart eontraetions 

■ inerease in blood pressure due partly to the more effee- 
tive heartbeat and partly to eonstrietion of most small 
arteries everywhere except the brain 

■ Dilation of the bronehial tubes to allow more oxygen to 
enter and more earbon dioxide to leave 

■ Stimulation of the eentral portion of the adrenal 
gland. This gland produces hormones that prepare 
the body to meet emergeney situations in many ways 
(see Chapter 11). The sympathetie nerves and hormones 
from the adrenal gland reinforee eaeh other 

■ inerease in basal metabolie rate 

■ Dilation of the eye’s pupil and inerease in distanee focus- 
ing ability 

The sympathetie system also aets as a brake on those systems 
not direetly involved in the stress response, such as the urinary 
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Laerimal 

gland 


Brain, brain stem, and spinal eord 


Brain, brain stem, and spinal eord 


Salivary 

glands 


Traehea 


Cranial 


Cranial 
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Sympathetie preganglionie fibers 
Sympathetie postganglionie fibers 
Parasympathetie preganglionie fibers 
Parasympathetie postganglionie fibers 


Autonomic nervous system. \J KEY POINT Most organs have both sympathetie and 
parasympathetie fìbers.The diagram shows only one side of the body for eaeh division. * ZOOMING IN Which 


Figure 8-14 
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division of the autonomic nervous system has ganglia eloser to the effeetor organ? 
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:ts of the Sympathetie and Parasympathetie Systems on 

1 Table 8-2 

1 Effee 


beleeted Drgans 


Effeetor 


Sympathetie System 

Parasympathetie System 

Pupils of eye 


Dilation 

Constriction 

Laerimal glands 


None 

Seeretion of tears 

Sweat glands 


Stimulation 

None 

Digestive glands 


Inhibition 

Stimulation 

Heart 


inereased rate and strength of beat 

Deereased rate of beat 

Bronehi of lungs 


Dilation 

Constriction 

Muscles of digestive system 

Deereased eontraetion 

inereased eontraetion 

Kidneys 


Deereased aetivity 

None 

IJrinary bladder 


Relaxation 

Contraction and emptying 

Liver 


inereased release of glucose 

None 

Penis 


Ejaculation 

Ereetion 

Adrenal medulla 


Stimulation 

None 

Blood vessels 


Constriction 

Dilation, penis and elitoris only 


and digestive systems. If you try to eat while you are angry, 
you may note that your saliva is thiek and so small in amount 
that you ean swallow only with difficulty. Under these circum- 
stanees, when food does reaeh the stomaeh, it seems to stay 
there longer than usual. 

The parasympathetie system normally aets as a bal- 
anee for the sympathetie system onee a erisis has passed. 
It is the “rest and digest” system. It causes eonstrietion 
of the pupils, slowing of the heart rate, and eonstrietion 
of the bronehial tubes. However, the parasympathetie ner- 
vous system also stimulates eertain aetivities needed for 
maintenanee of homeostasis. Among other aetions, it pro- 
motes the formation and release of urine and aetivity of 
the digestive traet. Saliva, for example, flows more easily 
and profusely under its effeets. These stimulatory aetions 
are summarized by the aeronym SLUDD: salivation, 
laerimation (tear formation), urination, digestion, and 
defeeation. 


STRUCTURE OF THE AUT0N0MIC NERV0US 
SYSTEM 

All autonomic pathways eontain two motor neurons eonneet- 
ing the spinal eord with the effeetor organ (Table 8-i ). The 
two neurons synapse in ganglia that serve as relay stations. 
The first neuron, the preganglionie neuron, extends from the 
spinal eord to the ganglion. The seeond neuron, the post- 
ganglionie neuron, travels from the ganglion to the effee- 
tor. This arrangement differs from the voluntary (somatie) 
nervous system, in which eaeh motor nerve fiber extends all 
the way from the spinal eord to the skeletal muscle with 
no intervening synapse. Some of the autonomic fibers are 
within the spinal nerves; some are within the eranial nerves 
(see Chapter 9). 

Sympathetie Nervous System Pathways Sym- 

pathetie motor neurons originate in the thoraeie and 
lumbar regions of the spinal eord, the thoracolumbar 



Divisions of the Autonomic Nervous System 




Divisions 


Oharaeteristies 


Sympathetie Nervous System 


Parasympathetie Nervous System 


Origin of fibers Thoraeie and lumbar regions of the 

spinal eord; thoracolumbar 

Loeation of ganglia Sympathetie ehains and three single 

eollateral ganglia (eeliae, superior 
mesenterie, and inferior mesenterie) 

Neurotransmitter at effeetor Mainly norepinephrine; adrenergie 

Effeets Response to stress; fight-or-flight 

response 


Brain stem and saeral regions of the spinal 
eord;eraniosaeral 

Terminal ganglia in or near the effeetor organ 


Aeetyleholine; eholinergie 

Reverses fight-or-flight (stress) response 
(see Table 8-2): stimulates some aetivities 
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(tho-rah-ko-LUM-bar) area. The eell bodies of the pregan- 
glionie fibers are loeated within the eord. The axons travel 
via spinal nerves T1-T5 and L1-L2 to ganglia near the eord, 
where they synapse with postganglionie neurons, which 
then extend to the effeetors. 

Many of the sympathetie ganglia form the sympathetie 
ehains, two eordlike strands of ganglia that extend along 
either side of the spinal column from the lower neek to the 
upper abdominal region. (Note that Figure 8-14 shows only 
one side for eaeh division of the ANS.) 

In addition, the nerves that supply the abdominal and 
pelvie organs synapse in three single eollateral ganglia farther 
from the spinal eord. These are 

■ the eeliae ganglion, which sends fibers mainly to the 
digestive organs 

■ the superior mesenterie ganglion, which sends fibers to 
the large and small intestines 

■ the inferior mesenterie ganglion, which sends fibers to 
the distal large intestine and organs of the urinary and 
reproductive systems 

The postganglionie neurons of the sympathetie system, with 
few exceptions, aet on their effeetors by releasing the neuro- 
transmitter norepinephrine (noradrenaline), a compound 
similar in ehemieal eomposition and aetion to the hormone 
epinephrine (adrenaline). This system is therefore deseribed as 
adrenergie, which means “aetivated by adrenaline.” 

Parasympathetie Nervous System Pathways The 

parasympathetie motor pathways begin in the eraniosaeral 
(kra-ne-o-SA-kral) areas, with fibers arising from eell bod- 
ies in the brain stem (midbrain and medulla) and the lower 
(saeral) part of the spinal eord. From these eenters, the 
first fibers extend to autonomic ganglia that are usually 
loeated near or within the walls of the effeetor organs and 
are ealled terminal ganglia. The pathways then continue 
along postganglionie neurons that stimulate involuntary 
muscles and glands. 

The neurons of the parasympathetie system release the 
neurotransmitter ACh, leading to the deseription of this sys- 
tem as eholinergie (aetivated by ACh). 


binds, the reeeptor initiates events that ehange the post- 
synaptie eell’s aetivity. Different reeeptors’ responses to 
the same neurotransmitter may vary, and a eell’s response 
depends on the reeeptors it eontains. 

Among the many different elasses of identified reeeptors, 
two are espeeially important and well studied. The first is the 
eholinergie reeeptors, which bind ACh. Cholinergic reeeptors 
are further subdivided into two types, eaeh named for drugs 
that researehers have diseovered bind to them and mimie 
ACh’s effeets: 

■ Nieotinie reeeptors (which bind nieotine) are found on 
skeletal muscle eells and stimulate muscle eontraetion 
when ACh is present. 

■ Muscarinic reeeptors (which bind muscarine, a poi- 
son) are found on effeetor eells of the parasympa- 
thetie nervous system. Depending on the type of 
rmisearinie reeeptor in a given effeetor organ, ACh 
ean either stimulate or inhibit a response. For exam- 
ple, ACh stimulates digestive organs but inhibits the 
heart. 

The seeond elass of reeeptors is the adrenergie reeeptors, 
which bind norepinephrine. They are found on effeetor eells 
of the sympathetie nervous system. They are further subdi- 
vided into alpha (a) and beta (P). Depending on the type of 
adrenergie reeeptor in a given effeetor organ, norepineph- 
rine ean either sthmdate or inhibit a response. For example, 
norepinephrine stimulates the heart and inhibits the diges- 
tive organs. 

Some drugs bloek speeifie reeeptors. For example, 
“beta-bloekers” regulate the heart in eardiae disease by pre- 
venting p reeeptors from binding norepinephrine, the neu- 
rotransmitter that inereases the rate and strength of heart 
eontraetions. 


CHECKPOINTS 



□ 8-19 How many neurons are there in eaeh motor pathway of 


theANS? 


□ 8-20 VVhieh division of the ANS stimiilates a stress response? 

VVhieh division reverses the stress response? 


THE ROLE 0F CELLULAR RECEPT0RS 

An important faetor in the aetions of neurotransmitters is 
their “doeking sites,” that is, their reeeptors on reeeiving 
(postsynaptie) eell membranes. A neurotransmitter fits into 
its reeeptor like a key in a loek. Onee the neurotransmitter 


Occupational therapists often help eare for people 
with nervous system disorders. See the Student 
Resources on thePoint® for more information about 
this eareer. 
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A & P in Aetion Revisited 


Sue Learns about Her MS 


"Sue, I ean't reaLLy answer the question of why you axons ean't properLy transmit nerve impuLses. Right 
deveLoped muLtipLe seLerosis," Dr. Jensen expLained now, it appears that the Largest areas of demyeLin- 
to her patient. "There is evidenee that the disease ation are in the white matter traets of your spinaL 


has a genetie eomponent but the environment, and eord. 
perhaps even a virus, might be invoLved. We do 
know that MS affeets women more frequentLy than ease?" asked Sue. 



Is there a medieation I ean take to stop the dis- 


men and is more prevaLent in areas Like the north- 


éé 


UnfortunateLy," repLied the doetor, "there isn't a 


ern United States and Canada. We aLso know that MS cure for MS yet. But we ean sLow down the disease's 

is an autoimmune disease. NormaLLy, immune eeLLs progress using antiinfLammatory drugs to deerease the 

traveL through the brain and spinaL eord Looking for infLammation and drugs eaLLed interferons that depress 

pathogens. In MS, the imrrmne eeLLs make a mistake the immune response." 


and cause infLammation in heaLthy nervous tissue. 


During this ease, we saw that neurons earry- 


This infLammatory response damages neurogLiaL eeLLs ing information to and from the CNS require myeLin 

eaLLed oLigodendroeytes. These eeLLs form the myeLin sheaths. InfLammation and subsequent damage of the 

sheath that eovers and insuLates the axons of neu- myeLin sheath in diseases Like MS have profound effeets 

rons much Like the pLastie eovering on an eLeetrieaL on sensory and motor function. For more information 

wire does. When the oLigodendroeytes are damaged, about the infLammatory response and interferons, see 

they are unabLe to make this myeLin sheath, and the Chapter 15. 




Unit 3 Coordination and Control 



Smnmary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbepoint. The figiire below illustrates the 
main topies eovered in this ehapter. 
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Key Terms 


The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


aeetyleholine 
aetion potential 
afferent 

autonomic nervous system 

axon 

dendrite 

depolarization 

effeetor 


efferent 

ganglion 

interneuron 

motor 

nerve 

nerve impulse 

neuroglia 

neuron 


neurotransmitter 

norepinephrine 

parasympathetie nervous system 

plexus 

postsynaptie 

presynaptie 

reeeptor 

reflex 


repolarization 
saltatory conduction 
sensory 

somatie nervous system 
sympathetie nervous system 
synapse 
traet 


Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms 


WORD PART 

MEANING 

EXAMPLE 

Role of the Nervons System 

aut/o 

self 

The antonomie nervous system is automatically eontrolled and is involuntary. 

-lemma 

sheath 

See example below. 

neur/i 

nerve, nervous tissue 

The nemilemma is the outer membrane of the myelin sheath around an axon. 

olig/o 

few, defieieney 

An oligodendroeyte has few dendrites. 

soma- 

body 

The somatie nervous system eontrols skeletal muscles that move the body. 

The Nervons System at Work 

de- 

remove 

Depolarization removes the eharge on the plasma membrane of a eell. 

post- 

after 

The postsynaptie eell is loeated after the synapse and reeeives neurotransmitter 
from the presynaptie eell. 

re- 

again, baek 

Repolarization restores the eharge on the plasma membrane of a eell. 


Questions for Study and Revfevv 


BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. The brain and spinal eord make up the_nervous 

system. 

2. The ion that enters a eell to cause depolarization is_ 

3. The term that deseribes conduction along a myelinated 
axon is 


4. In the spinal eord, sensory information travels in_ 

traets. 

5. With few exceptions, the sympathetie nervous system 

uses the neurotransmitter to aet on effeetor 


organs. 
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Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . Cells that earry impulses from the CNS 

7. Cells that earry impulses to the CNS 

8 . Cells that earry impulses within the CNS 

9. Cells that deteet a stimulus 

10. Cells that earry out a response to a stimulus 


a. reeeptors 

b. effeetors 

C. sensory neurons 

d. motor neurons 

e. interneurons 


Mnltiple Choice 

_ 11. Which system direetly innervates skeletal muscles? 

a. eentral nervous system 

b. somatie nervous system 

C. parasympathetie nervous system 
d. sympathetie nervous system 

_ 12. Whatcells are involved in most nervous system tumors? 

a. motor neurons 

b. sensory neurons 
C. interneurons 

d. neuroglia 

_ 13. What is the eorreet order of synaptie transmission? 

a. postsynaptie neuron, synapse, and presynaptie 
neuron 

b. presynaptie neuron, synapse, and postsynaptie 
neuron 

C. presynaptie neuron, postsynaptie neuron, and 
synapse 

d. postsynaptie neuron, presynaptie neuron, and 
synapse 

(JNDERSTANDING CONCEPTS 

_ 16. Differentiate between the terms in eaeh of the 

following pairs: 

a. axon and dendrite 

b. gray matter and white matter 
C. nerve and traet 

d. dorsal and ventral spinal nerve root 

17. Deseribe an aetion potential. How does conduction 
along a myelinated fiber differ from conduction along an 
unmyelinated fiber? 

18. What are neuroglia, and what are their functions? 

19. Explain the reflex are using stepping on a taek as an 
example. 


14. Where do afferent nerve fibers enter the spinal eord? 

a. dorsal horn 

b. ventral horn 

C. gray commissure 
d. eentral eanal 

15. What system promotes the “fight-or-flight” response 

a. sympathetie nervous system 

b. parasympathetie nervous system 
C. somatie nervous system 

d. reflex are 


20. Deseribe the anatomy of a spinal nerve. How many pairs 
of spinal nerves are there? 

21. Define a plexus. Name the three main spinal nerve 
plexuses. 

22. What is a dermatome? How did Sue’s physieian use 
dermatomes to identify her damaged nerves? 

23. Differentiate between the functions of the sympathetie 
and parasympathetie divisions of the ANS. 

24. Explain how a single neurotransmitter ean stimulate 
some eells and inhibit others. 
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CONCEPTUAL THINKING 


25. Clinical depression is assoeiated with abnormal 
serotonin levels. Medieations that bloek the removal 
of this neurotransmitter from the synapse ean eontrol 
the disorder. Based on this information, is elinieal 
depression assoeiated with inereased or deereased levels 
of serotonin? Explain your answer. 

26. Mr. Hayward visits his dentist for a root eanal and is 
given Novoeaine, a loeal anesthetie, at the beginning of 
the procedure. Novoeaine reduces membrane permeability 
to Na + . What effeet does this have on aetion potential? 


27. In Sue’s ease, her symptoms were caused by 

demyelination in her CNS. Would her symptoms be the 
same or different if her spinal nerves were involved? 
Explain why or why not. 


For more questions, see the Learning Aetivities on 

thePoinf. 



Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Give the Loeations of the four main 

divisions of the brain. p. 178 

2 ► Name and deseribe the three meninges. 

p. 180 

3 ► Cite the function of eerebrospinaL fLuid, 

and deseribe where and how this fLuid is 
formed. p. 180 

4 ► Name and Loeate the Lobes of the 

eerebraL hemispheres. p. 182 

5 ► Cite one function of the eerebraL cortex 

in eaeh Lobe of the eerebmm. p. 183 

6 ► Name two divisions of the dieneephaLon, 

and eite the functions of eaeh. p. 185 

7 ► Loeate the three subdivisions of the 

brain stem, and give the functions of 
eaeh. p. 185 

8 ► Deseribe the cerebeLLum, and identify its 

functions. p. 186 

9 ► Name three neuronaL networks that 

invoLve muLtipLe regions of the brain, 
and deseribe the function of eaeh. 

p. 186 

10 ► Deseribe four techniques used to study 

the brain. p. 187 

11 ► List the names and functions of the 

12 eraniaL nerves. p. 189 

12 ► Llsing information in the ease study, List 

the possibLe effeets of miLd traumatic 
brain injury. pp. 177 r 192 

13 ► Show how word parts are used to buiLd 

words reLated to the nervous system 
(see Word Anatomy at the end of the 
ehapter). p. 194 






























A & P 111 AetlOI Natalie’s Oerebral Concussion 



Laeey was agitated and a little panieky 
as she heLped her sister into her SUV. 
Despite NataLie's protests, she insisted 
on driving her to Moiint Desert IsLand 

HospitaL to be eheeked. Laeey 
was an aetive oiitdoor person 
who enjoyed hiking in nearby 
Aeadia NationaL Park. She had 
been eager to share her favor- 
ite traiL with her sister, who 
Lived in New York City and 
rareLy strayed from her WaLL 
Street offiee. 

They reaehed the traiL 
head at dawn and began 
their hike up CadiLLac Mountain. As they eLimbed, the path 
beeame more precarious and Lined with bouLders. Laeey had 
experience with eLimbing and started to serambLe up a smaLL 
bouLder. NataLie took a few steps up the roek and feLL, strik- 
ing her head on the ground. Laeey feared her sister had suf- 
fered head trauma. FortunateLy, they had not dimbed very 
far, and NataLie was conscious, so the two sisters carefuLLy 
pieked their way baek down the mountain and drove to the 
hospitaL. 


Dr. Eriekson, the resident on eaLL, performed NataLie's 
neuroLogic examination, starting with an evaLuation of her 
mentaL status and then moving on to a eraniaL nerves exam. 
He noted sLuggish eye movements during the ocuLar exam. 
He proeeeded with a motor exam of the extremities, and then 
assessed her baLanee and eoordination. When questioned, 
NataLie admitted she feLt dizzy and eompLained of a headaehe, 
nausea, and bLurred vision. Twice she vomited smaLL amounts. 
She kept repeating that she was tired and wanted to go to 
sLeep. Dr. Eriekson ordered a computed tomography (CT) sean 
to determine if injury was present and if so, its extent. 

Dr. Eriekson expLained his findings to the sisters. 

"As a resuLt of hitting your head, NataLie, you have 
incurred a eerebraL concussion, or miLd traumatic brain injury 
(MTBI). The dizziness, headaehes, nausea, and vomiting you 
are experiencing are caused by injury and sweLLing in your 
brain. ThankfuLLy, the CT sean did not show more serious 
damage, such as bLeeding within your brain, butyou need to 
be carefuLLy observed over the next 24 hours." 

NataLie's visuaL symptoms couLd have resuLted from 
eerebraL edema and injury to eraniaL nerves II, III, IV, or 
VI. In this ehapter, we wiLL Learn about the structure and 
function of the brain and eraniaL nerves. We wiLL revisit 
NataLie Later in the ehapter to see how she is progressing. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANdLLARIES 7ìt-7ì-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to 
text and its resources most effeetively, see pp. xi-xxii. 

Learning RESOURCES 

► Tips for Effeetive Studying 

► Health Professions: Speeeh Therapist 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 


aeeess the following resources. For guidance in using this 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 


Having disenssed tbe basies ofnerve impnlse eondnetion and 
tbe reflex are, we now apply tbese fnndamentals to look at 
bow tbe varions brain regions eoordinate information and 
orebestrate responses. As you migbt guess, tbis is a very eom- 
plex topie, spanning aetivities from tbe eellnlar level to tbe 
bigbest abstraet brain fnnetion. 


Overvievv of the Brain 

The brain is the eontrol eenter of the nervous system, where 
sensory information is proeessed, responses are eoordinated, 
and the higher functions of reasoning, learning, and memory 
occur. The brain occupies the eranial eavity and is surrounded 
by membranes, fluid, and the skull bones. 

DIVISIONS OFTHE BRAIN 

For study purposes, the brain ean be divided into four regions 
with speeifie aetivities. These divisions are in eonstant eom- 
munication as they work together to regulate body functions 
(Fig. 9-1): 


■ The eerebmm (SER-e-brum) is the most superior 
and largest part of the brain. It eonsists of left and 
right hemispheres, eaeh shaped like a small boxer’s 
glove. 

■ The dieneephalon (di-en-SEF-ah-lon) sits in the eenter 
of the brain between the two hemispheres and supe- 
rior to the brain stem. It includes the thalamus and the 
hypothalaimis. 

■ The brain stem spans the region between the dien- 
eephalon and the spinal eord. The superior por- 
tion of the brain stem is the midbrain. Inferior to 
the midbrain is the pons (ponz), followed by the 
medulla oblongata (meh-DUL-lah ob-long-GAH- 
tah). The medulla eonneets with the spinal eord 
through a large opening in the base of the skull (fora- 
men magnum). 

■ The eerebellmn (ser-eh-BEL-um) is posterior to the brain 
stem and is eonneeted with the eerebmm, brain stem, 
and spinal eord by means of the pons. The word eerebel- 
lum means “little brain.” 

Eaeh of these divisions is deseribed in greater detail later in 

this ehapter and smnmarized in able 9-' . Also see Disseetion 

Atlas Figures A3-1 and A3-2. 






Sagittal plane 



ANTERIOR 


POSTERIOR 


(Pituitary gland) 


BRAIN STEM: 

Midbrain 

Pons 

Medulla 
oblongata 

Spinal eord 


CEREBELLUM 


Corpus callosum 


DIENCEPHALON: 

Thalamus 

Hypothalamus 


Figure 9-1 


I Brain, sagittal seetion. f J KEY POINTThe four main divisions of the brain are the eerebmm, 


dieneephalon, brain stem,and cerebellum.The pituitary gland is elosely assoeiated with the brain. (jj ZOOMING IN 
What is the largest part of the brain? What part eonneets with the spinal eord? 
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Organization of the Brain 




Division 


Deseription 


Functions 


Cerebrum 



Diencephalon 



Brain stem 
Midbrain 



Pons 



Medulla oblongata 



Cerebellum 


Largest and most superior portion of the brain 

Divided into two hemispheres, eaeh subdivided 
into lobes 


Between the eerebmm and the brain stem 
Contains the thalamus and hypothalamus 


Anterior region below the eerebmm 
Below the eenter of the eerebmm 


Anterior to the cerebellum 


Between the pons and the spinal eord 


Below the posterior portion of the eerebmm 
Divided into two hemispheres 


Cortex (outer layer) is site for conscious 
thought, memory, reasoning, 
pereeption, and abstraet mental 
functions, all loealized within speeifie 
lobes 


Thalamus sorts and redireets sensory 
input. Hypothalamus maintains 
homeostasis, eontrols autonomic 
nervous system and pituitary gland 


Connects eerebmm and dieneephalon 
with spinal eord 

Has reflex eenters eoneerned with vision 
and hearing. Connects eerebmm with 
lower portions of the brain 


Connects cerebellum with other 
portions of the brain 

Helps regulate respiration 


Links the brain with the spinal eord. Has 
eenters for eontrol of vital functions, 
such as respiration and the heartbeat 


Coordinates voluntary muscles 
Maintains balanee and muscle tone 
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PR0TECTIVE STRUdURES OF THE BRAIN 
AND SPINAL CORD 

The proteetive structures of the brain include the meninges and 
the eerebrospinal fluid (CSF). Both the meninges and the CSF 
also proteet the spinal eord. 

Meninges The meninges (men-IN-jez) are three layers of 
eonneetive tissue that surround both the brain and spinal eord 
to form a eomplete enclosure (Fig. 9-2). The innermost layer 
around the brain, the pia mater (Pl-ah MA-ter), is attaehed 
to the nervous tissue of the brain and spinal eord and follows 
all the contours of these structures (see Fig. 9-2 and Atlas 
Figiire A3-3B).The pia is made of a delieate eonneetive tissue 
(pia meaning “tender” or “soft”). It holds blood vessels that 
supply nutrients and oxygen to the brain and spinal eord. 

The middle layer of the meninges is the araehnoid 
(ah-RAK-noyd). This membrane is loosely attaehed to the pia 
mater by weblike fibers, forming a spaee (the subarachnoid 
spaee) where CSF circulates. Blood vessels also pass through 
this spaee. The araehnoid is named from the Latin word for 
spider because of its weblike appearanee. 

The outermost dura mater (DU-rah MA-ter) is the thiek- 
est and toughest of the meninges. (Mater is from the Latin 
meaning “mother,” referring to the proteetive function of 
the meninges; dura means “hard.”) Around the brain, the 
dura mater is in two layers, and the outer layer is fused to 


the eranial bones. In eertain plaees, these two layers sepa- 
rate to provide venous ehannels, ealled dural simises, for the 
drainage of blood eoming from brain eapillaries. Extensions 
of the araehnoid membrane ealled araebnoid villi projeet into 
this spaee. The dura is in a single layer around the spinal eord. 

eerebrospinal Flllid eerebrospinal (ser-e-bro-SPI-nal) 
fluid (CSF) is a elear liquid that circulates in and around 
the brain and spinal eord (Fig. 9-3). The fimetion of the 
CSF is to support nervous tissue and to cushion shoeks 
that would otherwise injure these delieate structures. This 
fluid also earries nutrients to the eells and transports waste 
products from the eells. 

CSF forms in four spaees within the brain ealled ventrieles 
(VEN-trih-klz) (Fig. 9-3A). A network of ependymal (spe- 
eialized neuroglial) eells and blood vessels, known as the 
ehoroid (KOR-oyd) plexus, makes CSF within all four ven- 
trieles. You ean see a ehoroid plexus in the third ventriele 
in Figure 9-3B. The journey of CSF ean be summarized as 
follows: 

1. CSF formed by the ehoroid plexuses in the lateral ven- 
trieles (ventrieles 1 and 2) flows from the lateral ventrieles 
through small openings ealled interventricular foramina 
(fo-RAM-in-ah) into the third ventriele (see Fig. 9-3A). 
This eavity forms a midline spaee within the dieneephalon 
(see Fig. 9-3B). 


Skin 


Dural (venous) 


Periosteum 


sinus 


Araehnoid 
villus 



Dura mater 


Araehnoid 


rMeninges 


Pia mater 


Gray matter 



White matter 


Brain 

tissue 


Figure 9-2 


Frontal (eoronal) seetion of the top of the head. The meninges 


and related parts are shown. KEY POINTThe brain has many layers of proteetive 
substances. (J ZOOMING IN What are the ehannels formed where the dura mater divides 
into two layers? How many layers of meninges are there? 
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Lateral 

ventriele 

Third 

ventriele 


Lateral 

ventriele 


lnterventricular 

foramen 



Superior view 


lnterventricular 

foramen 


Third 


ventriele 



Lateral 

ventrieles 


Cerebral 

aqueduct 


Fourth 

ventriele 


Lateral view 




Superior sagittal 
sinus 

Araehnoid 

villus 

Subarachnoid 

spaee 


Straight sinus 


Cerebellum 

Subarachnoid 
spaee 

Central eanal of spinal eord 


Third ventriele Choroid plexus 


Midbrain 
Cerebral aqueduct 
Fourth ventriele 
Choroid plexus 
Spinal eord 


Figure 9-3 


Cerebrospinal fluid (CSF) and the eerebral ventrides. A. The eerebral ventrieles. Note that the 


fìrst and seeond ventrieles are labeled as the lateral ventrieles. B. Blaek arrovvs show the flow of CSF from the ehoroid 
plexuses and baek to the blood in dural sinuses; vvhite arrovvs show the flow of blood. (The actual passageways through 
which the CSF flows are narrowerthan those shown here,which have been enlarged for visibility.) ' J ZOOMING IN 
Which ventriele is continuous with the eentral eanal of the spinal eord? 
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2. Next, CSF passes through a small eanal in the midbrain, the 
eerebral aqueduct, into the fourth ventriele. The fourth ven- 
triele is loeated between the brain stem and the cerebellum. 

3. A small volume of CSF passes from the fourth ventriele 
into the eentral eanal of the spinal eord and travels down 
the eord. The rest passes through small openings in the 
roof of the fourth ventriele into the subarachnoid spaee 
of the meninges. 

4. CSF travels in the subarachnoid spaee around the spinal 
eord and brain. Nutrients and oxygen pass from the CSF, 
aeross the pia mater, and into brain and spinal eord tissue, 
and waste products follow the opposite route. 

5. Some of the CSF volume filters out of the araehnoid villi into 
blood in the dural sinus. CSF loss by this route occurs at the 
same rate as CSF synthesis by the ehoroid plexuses of the 
four ventrieles, so the overall CSF volume remains eonstant. 

m Remember tbat tbe siibaraebnoid spaee eontains CSF, 
but tbe dmal sinnses and otber eerebral vessels eontain 
blood. Many blood substances eannot aeeess the CSF and 
thus fragile brain tissue. See Box 9-1 for more information 
about the benefits and eosts of this arrangement. 


CHECKPOINTS 



□ 9-1 What are the main divisions of the brain? 

9-2 What are the names of the three layers of the meninges 
from the outermost to the innermost? 



9-3 Where is CSF produced? 


The Cerebrum 

The eerebmm, the brain’s largest portion, is divided into right 
and left eerebral (SER-e-bral) hemispheres by a deep groove 
ealled the longitudinal fissure (Fig. 9-4). The two hemispheres 
have overlapping functions and are similarly subdivided. 


DIVISIONS OF THE CEREBRAL HEMISPHERES 

Eaeh eerebral hemisphere is divided into four visible lobes 
named for the overlying eranial bones. These are the fron- 
tal, parietal, temporal, and oeeipital lobes (see Fig. 9-4B). 
In addition, there is a small fifth lobe deep within eaeh 
hemisphere that eannot be seen from the surface. Not 
much is known about this lobe, which is ealled the insula 
(IN-su-lah). 

Eaeh eerebral hemisphere is eovered by a thin (2 to 
4 mm) layer of gray matter known as the eerebral cortex 
(see Fig. 9-2). The neuronal eell bodies and synapses in this 
region are responsible for conscious thought, reasoning, and 
abstraet mental fimetions. Speeifie functions are loealized in 
the cortex of the different lobes, as deseribed in greater detail 
later. 

The cortex is arranged in folds forming elevated portions 
known as gyri (Jl-ri), singular gyms. These raised areas are 
separated by shallow grooves ealled sulci (SUL-si), singular 
sulcus. Although there are many sulci, the following two are 
espeeially important landmarks: 

■ The eentral sulcus lies between the frontal and parietal 
lobes of eaeh hemisphere at right angles to the longitudi- 
nal fissure (see Fig. 9-4). 

■ The lateral sulcus curves along the side of eaeh hemi- 
sphere and separates the temporal lobe from the frontal 
and parietal lobes (see Fig. 9-4). 

The interior of the eerebral hemispheres eonsists primarily of 
white matter—myelinated fibers that eonneet the eortieal areas 
with eaeh other and with other parts of the nervous system. 
The corpus callosum (kah-LO-sum) is an important band of 
white matter loeated at the bottom of the longitudinal fissure 
(see Fig. 9-1). This band is a bridge between the right and left 
hemispheres, permitting impulses to eross from one side of the 
brain to the other. 





r\ 


CLOSER LOOK 


Box 9-1 


The Blood-Brain Barrier: Aeeess Denied 


Neurons in the eentral nervous system 
(CNS) function properly only if the eom- 
position of the extracellular fluid bathing 
them is earefiilly regulated.The semipermeable 
blood-brain barrier helps maintain this stable environment 
by allowing some substances to eross it while bloeking others. 
Whereas it allows glucose,amino acids,and some eleetrolytes 
to eross, it prevents passage of hormones, drugs, neurotrans- 
mitters, and other substances that might adversely affeet the 
brain. 

Structural features of CNS eapillaries ereate this barrier. In 
most parts of the body, eapillaries are lined with simple squa- 
mous epithelial eells that are loosely attaehed to eaeh other. 
The small spaees between eells let materials move between 
the bloodstream and the tissues. In CNS eapillaries, the simple 
squamous epithelial eells are joined by tight junctions that 
limit passage of materials between them. 


The blood-brain barrier excludes pathogens, although 
some viruses,including poliovimsand herpesvirus,can bypass it 
by traveling along peripheral nerves into the CNS.Some strepto- 
eoeeialso ean breachthetightjunctions.Diseaseprocesses,such 
as hypertension, isehemia (laek of blood supply), and inflamma- 
tion,can inerease the blood-brain barrier's permeability. 

The blood-brain barrier is an obstaele to delivering drugs 
to the brain.Some antibioties ean eross it, whereas others eannot. 
Neurotransmitters also pose problems. In Parkinson disease,the 
neurotransmitter dopamine is defieient in the brain. Dopamine 
itself will not eross the barrier, but a related compound, L-dopa, 
will. L-Dopa erosses the blood-brain barrier and is then eon- 
verted to dopamine. Mixing a drug with a eoneentrated sugar 
solution and injeeting it into the bloodstream is another effee- 
tive delivery method. The solution's high osmotie pressure 
causes water to osmose out of eapillary eells, shrinking them and 
opening tight junctions through which the drug ean pass. 
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Frontal lobe 


Parietal lobe 


Temporal lobe 


Oeeipital lobe 




ANTERIOR 


Oentral sulcus 


Longitudinal 

fissure 


Spinal eord 


Lateral 

sulcus 


Pons 

Medulla 
oblongata 

Cerebellum 


Left 

hemisphere 


Right 

hemisphere 


Oentral 

sulcus 



POSTERIOR 


B LATERAL 


Figure 9-4 


External surface of the brain. A. Superior view. B. Lateral view. i J KEY POINTThe brain is divided 


into two hemispheres by the longitudinal fissure. Eaeh hemisphere is subdivided into lobes. 



ZOOMING IN What 


structure separates the frontal from the parietal lobe? The temporal lobe from the frontal and parietal lobes? 


FUNCTIONS OF THE CEREBRAL C0RTEX 

The eerebral cortex houses our consciousness—our aware- 
ness of the world around us and our ability to voluntarily 
interaet with it. The eerebral cortex “stores” information, 
much of which ean be reealled on demand by means of the 
phenomenon ealled memory. It is in the eerebral cortex that 
thought proeesses such as assoeiation, judgment, and dis- 
erimination take plaee. 

Although the various brain areas aet in eoordination to 
produce behavior, particular functions are loealized in the 
cortex of eaeh lobe (Fig. 9-5). Some of these are deseribed 
below: 

Frontal Lobe The frontal lobe, which is relatively larger 
in humans than in any other organism, lies anterior to the 
eentral sulcus. The gyrus just anterior to the eentral sulcus 
in this lobe eontains a primary motor area, which provides 
conscious eontrol of skeletal muscles. Speeifie segments of 
the primary motor area eontrol the muscles in different 
body regions. Relatively larger portions of the cortex are 
devoted to muscles requiring preeise eontrol, such as those 
of the hand. 

Just anterior to the primary motor area is the premo- 
tor cortex, which helps plan complex movements. It reeeives 
sensory information from other parts of the brain to assist it 
in this task, and it sends most of its eommands to the primary 
motor area. Anterior to the premotor cortex is the prefrontal 
cortex, involved in memory, problem solving, and conscious 
thought. Within the prefrontal cortex in one eerebral hemi- 
sphere lies the motor speeeh area, or Broea (bro-KAH) area. 


This region, which is usually (but not always) found in the 
left hemisphere, plans the sequences of muscle eontraetions in 
the tongue, larynx, and soft palate required to form meaning- 
ful sentenees. People with damage in this area ean understand 
sentenees but have trouble expressing their ideas in words. 

Parietal Lobe The parietal lobe occupies the superior 
part of eaeh hemisphere and lies posterior to the eentral sul- 

cus. The gyrus just posterior to the eentral sulcus in this lobe 
eontains the primary somatosensory area, where impulses 
from the skin, such as touch, pain, and temperature, are 
reeeived. As with the motor cortex, the greater the intensity 
of sensation from a particular area, the tongue or fingers, 
for example, the more area of the cortex is involved. 

Just posterior to this region is the somatosensory assoeia- 
tion area, which integrates somatosensory input with memo- 
ries to identify physieal sensations. For instanee, imagine that 
you are reaehing for a water glass at night, but your hand 
encounters your pet eat instead. The primary somatosensory 
area sends information regarding the softness, warmth, and 
shape of the sensed objeet. Combined with your memories of 
what a eat feels like, you are able to identify the objeet as a 

eat, not a glass. Damage to this region makes it impossible to 
identify objeets by touch alone, so you would know that the 
objeet is fuzzy and warm, but not that it was a eat. 

Much of the parietal lobe, as well as portions of the 
temporal and oeeipital lobes, form the posterior assoeiation 
area. This brain region aeeepts information from all of the 
sensory assoeiation areas and our memories to eonstmet an 
integrated view of the world. 
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Figiire 9-5 


Functional areas of the eerebral cortex. f . KEY POINT Regions of the 


eerebral cortex are speeialized for speeifìe functions. J J ZOOMING IN What eortieal area is 
posterior to the eentral sulcus? What area is anterior to the eentral sulcus? 


13ITiporal Lobe The temporal lobe lies inferior to the 
lateral sulcus and folds under the hemisphere on eaeh side. 
This lobe proeesses sounds. The auditory reeeiving area 
deteets sound impulses transmitted from the environment, 
whereas the surrounding area, the auditory assoeiation 
area, interprets the sounds. Another region of the audi- 
tory cortex, loeated on the left side in most people, is the 
speeeh eomprehension area , or Wernicke (VER-nih-ke) 
area. This area functions in speeeh reeognition and the 
meaning of words. Someone who suffers damage in this 
region of the brain, as by a stroke, will have difficulty in 
understanding the meaning of speeeh. The olfaetory area, 
eoneerned with the sense of smell, is loeated in the medial 
part of the temporal lobe and is not visible from the sur- 
faee; it is stimulated by impulses arising from reeeptors in 
the nose. 

Oeeipital Lobe The oeeipital lobe lies posterior to the 
parietal lobe and extends over the cerebellum. This lobe 


eontains the visual reeeiving area, which eolleets sensory 
information from the retina, such as brightness and eolor, 
and the visual assoeiation area, which interprets the 
impulses into a mental “picture.” Additional information 
proeessing by the posterior assoeiation area is neeessary 
for us to label the mental picture as a flower, an under- 
standable word, or a gesturing friend. 

There is a fimetional relationship among areas of the 
brain. Many neurons must work together to enable a person 
to reeeive, interpret, and respond to verbal and written mes- 
sages as well as to touch (taetile stimulus) and other sensory 
stimuli. 


Speeeh therapists treat patients with language or 
eomnrmnieation problems from any cause. See the 
Student Resources on thePoint® for more information 
on this eareer. 
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MEMORY AND THE LEARNING PR0CESS 

Memory is the mental faeiilty for reealling ideas. In the 
initial stage of the memory proeess, sensory signals (e.g., 
visual, auditory) are retained for a very short time, per- 
haps only fraetions of a seeond. Nevertheless, they ean 
be used for further proeessing. Short-term memory 
refers to the retention of bits of information for a few see- 
onds or perhaps a few minutes, after which the information 
is lost unless reinforeed. Long-term memory refers to the 
storage of information that ean be reealled at a later time. 
There is a tendeney for a memory to beeome more fixed 
the more often a person repeats the remembered experience; 
thus, short-term memory signals ean lead to long-term mem- 
ories. Furthermore, the more often a memory is reealled, the 
more indelible it beeomes; such a memory ean be so deeply 
fixed in the brain that it ean be reealled immediately. 

Physiologie studies show that rehearsal (repetition) of 
the same information again and again aeeelerates and poten- 
tiates the degree of short-term memory transfer into long- 
term memory. It has also been noted that the brain is able to 
organize information so that new ideas are stored in the same 
areas in which similar ones had been stored before. 


CHECKPOINTS 



9-4 Name the four surface lobes of eaeh eerebral hemisphere. 

□ 9-5 Name the thin outer layer of gray matter where higher 

brain functions occur. 


C7\SEP0INTS 



9-1 Natalie eomplains of blurred vision. Which brain lobe 
proeesses visual stimuli? 

9-2 Natalie's sister later eomplains that Natalie loses the 
thread of a eonversation. What form of her memory has 
been affeeted? 


The Dieneephalon 

The dieneephalon, or interbrain, is loeated between the eere- 
bral hemispheres and the brain stem. One ean see it by cut- 
ting into the eentral and inferior seetion of the brain. The 
dieneephalon includes the thalamus (THAL-ah-mus) and 
the hypothalamus (Fig. 9-6). 

The two parts of the thalamus form the lateral walls of 
the third ventriele (see Figs. 9-1 and 9-3). Nearly all sensory 
impulses travel through the masses of gray matter that form the 
thalamus. The role of the thalamus is to sort out the impulses 
and direet them to particular areas of the eerebral cortex. 

The hypothalamus is loeated in the midline area inferior 
to the thalamus and forms the floor of the third ventriele. It 
helps to maintain homeostasis by eontrolling body tempera- 
ture, water balanee, sleep, appetite, and some emotions, such 
as fear and pleasure. Both the sympathetie and parasympa- 
thetie divisions of the autonomic nervous system are under 
hypothalamie eontrol, as is the pituitary gland. The hypo- 
thalamus thus influences the heartbeat, the eontraetion and 
relaxation of blood vessels, hormone seeretion, and other 
vital body functions. 



Reticular Cerebellum 
formation 


Figure 9-6 


The dieneephalon, brain stem, and cerebellum. 


f KEY POINTThe dieneephalon eonsists of the thalarrms, 
hypothalamus,and pituitary gland (hypophysis).The brain stem has 
three divisions:the midbrain, pons,and medulla oblongata.The white 
matter of the cerebellum is in a treelike pattern . f ^ ZOOMING IN 
To what part of the brain is the pituitary gland attaehed? 


CHECKPOINT 



□ 9-6 What are the two main portions of the diencephalon,and 

what do they do? 


The Brain Stem 

The brain stem is eomposed of the midbrain, the pons, and 
the medulla oblongata (Fig. 9-6). These structures eonneet the 
eerebmm and dieneephalon with the spinal eord. 


THE MIDBRAIN 

The midbrain, inferior to the eenter of the eerebmm, forms the 
superior part of the brain stem (see Fig. 9-6). Four rounded 
masses of gray matter that are hidden by the eerebral hemi- 
spheres form the superior part of the midbrain. These four 
bodies aet as eenters for eertain reflexes involving the eye 
and the ear, for example, moving the eyes in order to traek 
an image or to read. The white matter at the anterior of the 
midbrain conducts impulses between the higher eenters of the 
eerebmm and the lower eenters of the pons, medulla, eerebel- 
lum, and spinal eord. 

THE PONS 

The pons lies between the midbrain and the medulla, ante- 
rior to the cerebellum (see Fig. 9-6). It is eomposed largely of 
myelinated nerve fibers, which eonneet the two halves of the 
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Left hemisphere 



POSTERIOR 


Right hemisphere 




Figure 9-7 


. .‘-y 


The cerebellum. Posterior view. 



KEY POINTThe cerebellum is divided into two hemispheres. 


cerebellum with the brain stem as well as with the eerebmm 
above and the spinal eord below. Its name means “bridge,” 
and it is an important eonneeting link between the cerebellum 
and the rest of the nervous system. It also eontains nerve fibers 
that earry impulses to and from the eenters loeated above and 
below it. Certain reflex (involuntary) aetions, such as some of 
those regulating respiration, are integrated in the pons. 

THE MEDIILLA OBLONGATA 

The medulla oblongata of the brain stem is loeated between 
the pons and the spinal eord (see Fig. 9-6). It appears white 
externally because like the pons, it eontains many myelinated 
nerve fibers. Internally, it eontains eolleetions of eell bodies 
(gray matter) ealled nuclei, or eenters. Among these are vital 
eenters, such as the following: 

■ The respiratory eenter eontrols the muscles of respira- 
tion in response to ehemieal and other stimuli. 

■ The eardiae eenter helps regulate the rate and foree of 
the heartbeat. 


CHECKPOINT 




9-7 What are the three subdivisions of the brain stem? 


The Cerebellum 

The cerebellum is made up of three parts: the middle por- 
tion (vermis) and two lateral hemispheres, the left and right 
(Fig. 9-7). Like the eerebral hemispheres, the cerebellum 
has an outer area of gray matter and an inner portion that 
is largely white matter (see Fig. 9-6). However, the white 
matter is distributed in a treelike pattern. The fimetions of 
the cerebellum are as follows: 

■ Helps eoordinate voluntary muscles to ensure smooth, 
orderly function. Disease of the cerebellum causes mus- 
cular jerkiness and tremors. 

■ Helps maintain balanee in standing, walking, and sitting 
as well as during more strenuous aetivities. Messages 
from the internal ear and from sensory reeeptors in ten- 
dons and rmiseles aid the cerebellum. 


The vasomotor (vas-o-MO-tor) eenter regulates the eon- 
traetion of smooth muscle in the blood vessel walls and 
thus eontrols blood flow and blood pressure. 


Helps maintain muscle tone so that all muscle fibers are 
slightly tensed and ready to produce ehanges in position 
as quickly as neeessary. 


The aseending sensory fibers that earry messages through 
the spinal eord up to the brain travel through the medulla, 
as do deseending motor fibers. These groups of fibers form 
traets (bundles) and are grouped together aeeording to 
fimetion. 

The motor fibers from the motor cortex of the eerebral 
hemispheres extend down through the medulla, and most of 
them eross from one side to the other (decussate) while going 
through this part of the brain. The erossing of motor fibers in 
the medulla results in eontralateral (opposite side) eontrol — 
the right eerebral hemisphere eontrols muscles in the left side 
of the body and the left eerebral hemisphere eontrols muscles 
in the right side of the body. 

The medulla is an important reflex eenter; here, eertain 
neurons end, and impulses are relayed to other neurons. 


CHECKPOINT 



□ 9-8 What are some functions of the cerebellum? 


Widespread Neuronal 
Networks 

Some eoordinating networks involve seleet regions of the 
dieneephalon and brain stem or extend throughout the 
entire brain. The limbie system, basal nuclei, and retie- 
ular formation are three such networks; the limbie sys- 
tem helps eontrol behavior, the basal nuclei partieipate in 
motor eontrol, and the reticular formation helps govern 
awareness. 
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Cingulate 

gyrus 


Corpus 
callosum 


Hippocampus 


Figure 9-8 


The limbie system.The system is shown in red in 


this figure. ( KEY POINTThe limbie system eonsists of regions 
in the cerebrum and dieneephalon that are involved in memory 
and emotion. ZOOMING IN Which part of the eerebral cortex 
contributes to the limbie system? 


THE LIMBIC SYSTEM 

The eerebmm and the dieneephalon contribute structures to 
the limbie system, a diffuse eolleetion of neurons involved in 
emotional states and behavior (Fig. 9-8). The limbie system 
has extensive eonneetions with all brain regions and ean be 
eonsidered the interfaee between the “thinking” brain of the 
prefrontal cortex and the “autonomic” brain gathering sen- 
sory information and eontrolling motor output. While there 
is some disagreement regarding which structures are part of 
the limbie system, most agree that it includes: 

■ The cingulate (SIN-gu-late) gyrus, the portion of the 
eerebral cortex looping over the corpus callosum. 
This region of the cortex assoeiates emotions with 
memories. 

■ The hippocampus (hip-o-KAM-pus), shaped like a sea 
horse and loeated under the lateral ventrieles. The hip- 
pocampus enables us to store new memories—that is, 
to learn new things. Lesions in the hippocampus impair 
one’s ability to form new memories, but leave old mem- 
ories intaet. 

■ The amygdala (ah-MIG-dah-lah), two clusters of 
nuclei deep in the temporal lobes. This brain region 
eoordinates our emotional responses to stimuli. It 
reeeives extensive input from the olfaetory lobe, which 
is why we often have strong emotional responses to 
smells. 

■ Parts of the hypothalamus and nearby nuclei. These 
regions eontrol our motor responses to emotional stim- 
uli, for instanee, aetivation of the sympathetie nervous 
system. 


BASAL NUCLEI 

The basal nuclei, also ealled basal ganglia , modulate 
motor inputs and faeilitate praetieed, routine motor tasks. 
The basal nuclei eonsist of masses of gray matter spread 
throughout the brain that are extensively intereonneeted. 
They include three regions deep within the eerebmm, part 
of the midbrain ealled the snbstantia nigra, and a small eol- 
leetion of eell bodies in the dieneephalon. 


RETICULAR FORMATION 

The reticular (reh-TIK-u-lar) formation is a sausage-shaped 
network of neuronal eell bodies spanning the length of the 
brain stem (see Fig. 9-6). The reticular aetivating system 
(RAS) within this formation sends impulses to the eere- 
bral cortex that keep us awake and attentive. In conjunc- 
tion with the cortex, the RAS also sereens out unnecessary 
sensory input (such as regular traffie noise) to inerease the 
impaet of novel stimuli (such as a ear horn). Sleep eenters in 
other brain regions inhibit the RAS, and thus arousal, when 
we sleep. 



CHECKPOINTS 

9-9 What are four structures in the limbie system? 

□ 9-10 What is the function of the basal nuclei? 

9-11 What is the function of the reticular aetivating system? 


C7\SEP0MT 



9-3 Nathalie had trouble staying awake and was irritable. 
Which neuronal networks are implieated by these two 
symptoms? 


Brain Studies 

Some of the imaging techniques used to study the brain are 
deseribed in Box 1-2 in Chapter 1. These techniques include 
the following: 

■ CT (computed tomography) sean, which provides pho- 
tographs of the bone, soft tissue, and eavities of the brain 
(Fig. 9-9A). Anatomie lesions, such as tumors or sear 
tissue aeemmdations, are readily seen. As discussed in 
the ease study, CT sean is also used to evaluate traumatic 
brain injmies (TBIs). See Box 9-2 for more information 
about these injmies and how to avoid them. Box 9-3 
explains the limitations of studies linking TBI and behav- 
ioral ehanges such as aggression. 

■ MRI (magnetie resonanee imaging), which gives more 
views of the brain than does CT and may reveal tumors, 
sear tissue, and hemorrhaging not shown by CT (see 
Fig. 9-9B). 

■ PET (positron emission tomography), which visualizes 
the brain in aetion (see Fig. 9-9C). 

The interaetions of the brain’s billions of nerve eells give 
rise to measmable eleetrie emrents. These may be reeorded 
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Pons 

Fourth 

ventriele 

B 



Figtire 9-9 


Imaging the brain. A. CT sean of a normal adult brain at the level of the fourth ventriele. B. MRI of the 


brain showing a point of injury ( arrows).C . PET sean. 


using an instmment ealled the eleetroeneephalograph (e-lek- 
tro-en-SEF-ah-lo-graf). Eleetrodes plaeed on the head piek 
up the eleetrieal signals produced as the brain functions. 
These signals are then amplified and reeorded to produce 
the traeings, or brain waves, of an eleetroeneephalogram 

(EEG). 

The eleetroeneephalograph is used to study sleep pat- 
terns, to diagnose disease, such as epilepsy, to loeate tumors, 
to study the effeets of drugs, and to determine brain death. 
Figure 9-10 shows some typieal normal traeings. 


ensEPOim 



9-4 Why did Dr. Eriekson ehoose a CT sean to evaluate 
Natalie's injuries? 


Alpha waves- 
Normal, relaxed 
adult 

Beta waves- 
State of 
excitement, 
intense 
eoneentration 


Theta waves- 
Children 


Delta waves- 
Deep sleep 


1 seeond 





Figure 9-10 




Eleetroeneephalography. Normal brain waves. 


Cranial Nerves 

There are 12 pairs of eranial nerves (in this discussion, 
when a eranial nerve is identified, a pair is meant). They 
are numbered, usually in Roman numerals, aeeording to 
their eonneetion with the brain, beginning anteriorly and 
proeeeding posteriorly (Fig. 9-11). Except for the first two 
pairs, which eonneet with the eerebmm and dieneepha- 
lon, respeetively, the eranial nerves eonneet with the brain 
stem. Also note that anatomists now have found that 
eranial nerve XI eonneets with the eervieal spinal eord. 
The first nine pairs and the 12th pair supply structures in 
the head. 

From a functional viewpoint, the eranial nerves earry 
four types of signals. Note that eaeh neuron earries only one 
signal type, but one eranial nerve ean eontain neurons earry- 
ing different signal types: 

■ Speeial sensory impulses, such as those for smell, taste, 
vision, and hearing, originating in speeial sense organs 
in the head 

■ General sensory impulses, such as those for pain, touch, 
temperature, deep muscle sense, pressure, and vibrations. 
These impulses eome from reeeptors that are widely dis- 
tributed throughout the body. 

■ Somatie motor impulses that eontrol the skeletal muscles 

■ Viseeral motor impulses that eontrol glands, smooth 
muscle, and eardiae muscle. These motor pathways are 
part of the autonomic nervous system, parasympathetie 
division. 


NAMES AND FUNCTIONS OF THE 
CRANIAL NERVES 

A few of the eranial nerves (I, II, and VIII) eontain only 
sensory fibers; some (III, IV, VI, XI, and XII) eontain all 
or mostly motor fibers. The remainder (V, VII, IX, and X) 
eontain both sensory and motor fibers; they are known as 
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Brain lnjury: A Heads-Up 



Box 9-2 


Traumatic brain injury is a leading cause of death and disabil- 
ity in the llnited States. Eaeh year, approximately 1.5 million 
Amerieans sustain a brain injury, of whom about 50,000 will 
die and 80,000 will suffer long-term or permanent disability. 
The leading causes of traumatic brain injury are motor vehiele 
aeeidents, gunshot wounds, sports injuries, and falls. Other 
causes include shaken baby syndrome (caused by violent 
shaking of an infant or toddler) and seeond impaet syndrome 
(when a seeond head injury occurs before the first has fully 
healed). 

Brain damage occurs either from penetrating head 
trauma or aeeeleration-deeeleration events where a head in 
motion suddenly eomes to a stop. Nervous tissue, blood ves- 
sels, and possibly the meninges may be brnised, torn, laeer- 
ated,or ruptured, which may lead to swelling and hemorrhage. 
The best proteetion from brain injury is to prevent it.The fol- 
lowing is a list of safety tips: 


Never drive after using aleohol or drugs or ride with an 
impaired driver. 

Always wear a helmet during aetivities such as biking,motor- 
eyeling, in-line skating, horsebaek riding, football, iee hoekey, 
and batting and mnning bases in baseball and softball. 
inspeet playground equipment, and supervise ehildren 
using it. Never swing ehildren around to play "airplane" or 
vigorously bounce or shake them. 

Allow adequate time for healing after a head injury before 
resuming potentially dangerous aetivities. 

Prevent falls by using a nonslip bathtub or shower mat and 
using a step stool to reaeh objeets on high shelves. Use a 
safety gate at the bottom and top of stairs to proteet young 
ehildren (and adults with dementia or other disorienting 
eonditions). 

Keep unloaded fìrearms in a loeked eabinet or safe,and store 
bullets in a separate loeation. 


Always wear a seat belt,and secure ehildren in approved ear 
seats. 


For more information, eontaet the Brain lnjury Assoeiation of 
Ameriea. 



I olfaetory bulb 
Olfaetory traet 

II optie nerve 

III oculomotor nerve 

IV troehlear nerve 

V trigeminal nerve 
(branehes): 

a. ophthalmie 

b. maxillary 
e. mandibular 

VI abducens nerve 

VII faeial nerve 

VIII vestibulocochlear 
(acoustic) nerve 

IX glossopharyngeal nerve 

X vagus nerve 

XI aeeessory nerve 

XII hypoglossal nerve 




Figure 9-11 


.j, i-t' - i ... ii,- 


Cranial nerves. 



KEY POINTThere are 12 pairs of eranial nerves,each 


designated by name and Roman numeral.They are shown here from the base of the brain. 
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mixed nerves. All 12 nerves are listed below and summa- 
rized in Table 9-2: 

I. The olfaetory nerve earries smell impulses from reeep- 
tors in the nasal mucosa to the brain. 

II. The optie nerve earries visual impulses from the eye to 
the brain. 

III. The oailomotor nerve eontrols the eontraetion of most 
of the eye muscles. These muscles are skeletal muscles 
and are under voluntary eontrol. 

IV. The troehlear (TROK-le-ar) nerve supplies one eyeball 
muscle. 

V. The trigeminal (tri-JEM-in-al) nerve is the great sen- 
sory nerve of the faee and head. It has three branehes 
that earry general sensory impulses (e.g., pain, touch, 
temperature) from the eye, the upper jaw, and the 
lower jaw. Motor fibers to the muscles of mastieation 
(chewing) join the third braneh. A dentist anesthetizes 
branehes of the trigeminal nerve to work on the teeth 
without causing pain. 

VI. The abducens (ab-DU-senz) nerve is another nerve send- 
ing motor impulses to an eyeball muscle. 

VII. The faeial nerve is largely motor, eontrolling the muscles 

of faeial expression. This nerve also includes speeial sen- 
sory fibers for taste (anterior two-thirds of the tongue), 
and it eontains seeretory fibers to the smaller salivary 
glands (the submandibular and sublingual) and to the 
laerimal (tear) gland. 


VIII. The vestibulocochlear (ves-tib-u-lo-KOK-le-ar) nerve 

earries sensory impulses for hearing and equilibrium 
from the inner ear. This nerve was formerly ealled the 
auditory or acoustic nerve. 

IX. The glossopharyngeal (glos-o-fah-RIN-je-al) nerve eon- 
tains general sensory fibers from the posterior tongue 
and the pharynx (throat). This nerve also eontains 
sensory fibers for taste from the posterior third of the 
tongue, viseeral motor fibers that supply the largest sali- 
vary gland (parotid), and motor nerve fibers to eontrol 
the swallowing muscles in the pharynx. 

X. The vagus (VA-gus) nerve is the longest eranial nerve. 
(Its name means “wanderer.”) It earries autonomic 
motor impulses to most of the organs in the thoraeie 
and abdominal eavities, including the muscles and 
glands of the digestive system. This nerve also eontains 
somatie motor fibers supplying the larynx (voiee box). 

XI. The aeeessory nerve (also ealled the spinal aeeessory 
nerve) is a motor nerve with two branehes. One braneh 
eontrols two muscles of the neek, the trapezius and ster- 
noeleidomastoid; the other supplies muscles of the larynx. 

XII. The hypoglossal nerve, the last of the 12 eranial nerves, 

earries impulses eontrolling the tongue muscles. 

m Note tbat tbree nerves siipply tbe tongne and five nerves sup- 
ply tbe eyeball. Make sure tbat you ean identify tbe informa- 
tion earried by eaeb nerve. 

It has been traditional for students in medieal fields to use 
mnemonies (ne-MON-iks), or memory deviees, to remember 


r. 


Table 9-2 


The eranial Nerves and Their Functions 




Nerve (Roman Numeral 
Designation) Name 


I 

Olfaetory 

II 

Optie 

III 

Oculomotor 

IV 

Troehlear 

V 

Trigeminal 

VI 

Abducens 

VII 

Faeial 

VIII 

Vestibulocochlear 

IX 

Glossopharyngeal 

X 

Vagus 

XI 

Aeeessory 

XII 

Hypoglossal 


Function 


Carries impulses for the sense of smell toward the brain 

Carries visual impulses from the eye to the brain 

Controls eontraetion of eye muscles 

Supplies one eyeball muscle 

Carries sensory impulses from eye, upper jaw, and lower jaw 
toward the brain 

Controls an eyeball muscle 

Controls muscles of faeial expression; earries sensation of taste; 
stimulates small salivary glands and laerimal (tear) gland 

Carries sensory impulses for hearing and equilibrium from the 
inner ear toward the brain 

Carries sensory impulses from tongue and pharynx (throat); 
eontrols swallowing muscles and stimulates the parotid 
salivary gland 

Supplies most of the organs in the thoraeie and abdominal eavities; 
earries motor impulses to the larynx (voiee box) and pharynx 

Controls muscles in the neek and larynx 

Controls muscles of the tongue 
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Box 9-3 


Head Trauma and Violenee: Cause or Effeet? 


Natalie, the subject of this ehapter's ease 
study, suffered a mild traumatic brain 
injury, or concussion. The occurrence of concussions in pro- 
fessional sports, espeeially football, raises many issues. For 
instanee, NFL players suffer from frequent concussions, and 
players also eommit more violent erimes eompared with other 
groups of a similar ineome level.A logieal conclusion might be 
that brain injuries are responsible for the violent behavior. But, 
an alternate explanation also exists:that concussions and vio- 
lent behavior are eorrelated, but the concussions do not cause 
the behavior. To understand the differenee between eorrela- 
tion and causation, let's turn to a simpler observation. 

A study in New York City showed that iee eream consump- 
tion is positively eorrelated with violent erime. A positive eor- 
relation means that both faetors (iee eream consumption and 
violent erimes) are more prevalent in the same period or in a 
particular population.(Decreased iee eream consumption and 
inereased violent behavior would be a negative eorrelation, as 
would inereased iee eream consumption and deereased vio- 
lent behavior). Does this fìnding indieate that iee eream makes 
us more violent? 

Step 1. Exper ìmentation. Following the rules of experimental 
design outlined in ehapter 8, we could eompare the behavior 
of individuals after they eat iee eream and after they eat a dif- 
ferent food (such as salad). 

Step 2. Postulate underlying causes. Is there an obvious, 
logieal, eommon cause for both observations? The under- 
lying cause of our iee eream example is relatively elear— 
ambient temperature. Hot and muggy weather makes us 


want to eat iee eream but also might inerease aggression 
and violenee. 

The issue of concussions and violenee ean be examined by 
the same proeess. 

Step 1. Experimentation. Experiments are ideal for demon- 
strating causation. But, it would be unethical to give people 
concussions. One researeher proposed following the behav- 
ior of ehildren diagnosed with concussions over deeades to 
examine ehanges in their brain development and behavior 
eompared with ehildren without concussions. 

Step 2. Postulate underlying causes. A tendeney to engage 
in high-risk behavior could be responsible for both concus- 
sions and violent erime. Professional football is a high-risk 
undertaking, and risk takers are more prone to aleohol,steroid, 
and drug abuse, all of which contribute to violent behavior. 

As you ean see, it is much easier to establish eorrelation than 
causation.This distinetion refleets reality, because many sepa- 
rate events ean occur sequentially or at the same time with- 
out one event actually causing another. The events could be 
caused by another faetor eommon to all or by eompletely 
unrelated faetors. One infamous example is the proposed link 
between frequent vaeeinations and autism.The two events are 
eorrelated, because autism is usually diagnosed during, or just 
after,children reeeive most of theirvaccinations.However,stud- 
ies of over 14 million ehildren have not been able to fìnd any 
causative link between these two faetors. See the Study Guide 
available separately from the textbook for more praetiee at dis- 
tinguishing between eorrelation and causation. 



lists of terms. These deviees are usually words (real or made- 
up) or sayings formed from the first letter of eaeh item. We’ve 
used the example SLUDD for the aetions of the parasym- 
pathetie system; for the eranial nerves, students use “On 
Oeeasion Our Trnsty Truck Aets Funny. Very Good Vehiele 
Any How. ” Can you and your elassmates make up any other 
mnemonie phrases for the eranial nerves? You ean also eheek 
the Internet for sites where medieal mnemonies are shared, but 
be forewarned, students often enjoy making them raunchy! 


CHECKPOINTS 



9-12 How many pairs of eranial nerves are there? 

□ 9-13 What are the three types of eranial nerves? What is a 

mixed nerve? 


ensEPOim 




9-5 Which eranial nerves might be involved in Natalie's visual 
symptoms? 


Effeets of Aging on the 
Nervoiis System 

The nervous system is one of the first systems to develop in the 
embryo. By the beginning of the third week of development, the 
mdiments of the CNS have appeared. Beginning with maturity, 
the nervous system begins to undergo degenerative ehanges. 
Neurons and glial eells die and are not replaeed, deereasing the 
size and weight of the brain. Neuron loss in the eerebral cortex, 
aeeompanied by deereased neurotransmitter production and 
fewer synapses, results in slower information proeessing and 
movements. Memory diminishes, espeeially for reeent events. 
Narrowing of the eerebral arteries reduces the brain’s blood 
flow. Vascular degeneration inereases the likelihood of stroke. 

Much individual variation is possible, however, with 
regard to loeation and severity of ehanges. Although age 
might make it harder to acquire new skills, tests have shown 
that praetiee enhanees skill retention. As with other body 
systems, the nervous system has vast reserves, and most 
elderly people are able to eope with life’s demands. 
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A & P in Aetion Revisìted 


Natalie’s Progress 



Dr. Eriekson referred NataLie to a neiiroLogist for foLLow-up 


jj 


NataLie, you are experiencing postconcussion 


after diseharge. He aLso instmeted Laeey to watch hersis- syndrome," said the neuroLogist. "ALthough the brain 

ter carefuLLy over the next 24 hours. NataLie was to return is eneased within the skuLL and cushioned by CSF, it 

to the hospitaL if her headaehe worsens, her speeeh ean stiLL be damaged by the foree of the brain eoL- 

beeomes sLurred, or she beeomes difficuLt to arouse. Liding with the skuLL. It ean take a few weeks for the 

"And," said Dr. Eriekson, "take away NataLie's eeLL eerebraL sweLLing to deerease. UntiL that time, you ean 

phone, Laptop computerand any other eLeetronies, as weLL expect eognitive, physieaL, emotionaL, and behavioraL 


rr 


ehanges. 


rr 


as aLL reading materiaL. She needs eompLete quiet and rest. 

At the neuroLogist appointment Later that week, "I expectyou to reeover fuLLy," he continued. "But 

it was obvious that Laeey's patienee was wearing thin. for the time being, you stiLL need rest. Avoid over- 

NataLie is irritabLe, keeps forgetting where she stimuLation and aLeohoL. Your symptoms shouLd resoLve 
Left her tea, and ean't hoLd a eoherent eonversation for 
more than two minutes," Laeey eompLained. 


jj 


in the next few weeks. 


rr 
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Chapter Wrap-Up 


Summary Overvievv 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Proteetive 

structures 


Meninges 
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Cranial 

nerves 




CT 

MRI 

PET 



Limbie system 
Basal nuclei 
Reticular formation 


Cerebrum 


Dieneephalon 


Brain stem 


Cerebellum 

- Cerebral 
cortex 
-Lobes 
Functions 

-Thalamus 
- Hypothalamus 

-Midbrain 
- Pons 

*-Medulla oblongata 



Olfaetory 
II Optie 
Oculomotor 
IVTroehlear 
VTrigeminal 

VI Abducens 

VII Faeial 

VIII Vestibulocochlear 

IX Glossopharyngeal 

X Vagus 

XI Aeeessory 

XII Hypoglossal 


Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


basal nuclei 
brain stem 
cerebellum 
eerebral cortex 
eerebrospinal fluid (CSF) 


eerebmm 
corpus callosum 
dieneephalon 
eleetroeneephalograph 
gyras (pl. gyri) 


hypothalamus 
limbie system 
medulla oblongata 
(EEG) meninges 

midbrain 


pons 

reticular formation 
sulcus (pl. sulci) 
thalamus 
ventriele 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Proteetive Stmetnres ofthe Brain and Spinal Cord 

eerebr/o 

brain 

Cerebrospinal fluid circulates around the brain and spinal eord. 

ehori/o 

membrane 

The ehoroid plexus is the vascular membrane in the ventriele that 
produces CSF. 

eontra- 

opposed, against 

The eerebral cortex has eontralateral eontrol of motor function. 

eneephal/o 

brain 

The dieneephalon is the part of the brain loeated between the eerebral 
hemispheres and the brain stem. 

gyr/o 

eirele 

A gyms is a circular raised area on the surface of the brain. 

later/o 

lateral, side 

See “eontra-” example. 

Brain Stndies 

tom/o 

cut 

Tomography is a method for viewing seetions as if cut through the body. 

Cranial Nerves 

gloss/o 

tongue 

The hypoglossal nerve eontrols muscles of the tongue. 


Quest ons for Study and Review 

BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. The delieate innermost layer of the meninges is the_ 

2. The large band of white matter that eonneets the right 

and left hemispheres is the_. 

3. Sound is proeessed in the_lobe of the brain. 


4. The thalamus and hypothalamus are parts of the brain 

division named the_. 

5. The third and fourth ventrieles are eonneeted by a small 
eanal ealled the 


Matehing > Mateh eaeh numbered item with the letter of the most elosely related eranial nerve. 


6 . The nerve involved with the sense of smell 

7. The large sensory nerve of the faee and head 

8 . The nerve that eontrols muscles of the tongue 

9. The sensory nerve for hearing and equilibrium 

10. The long nerve that earries autonomic impulses to the 
thorax and abdomen 


a. olfaetory nerve 

b. vestibulocochlear nerve 
C. trigeminal nerve 

d. vagus nerve 

e. hypoglossal nerve 
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Miíltiple Choice 

_ 11 . What divides the cerebrum into left and right hemispheres ? 

a. eentral sulcus 

b. insula 

C. lateral sulcus 
d. longitudinal fissure 

_ 12. Which lobe interprets impulses arising from the retina 

of the eye? 

a. frontal 

b. oeeipital 
C. parietal 
d. temporal 

_ 13. What is the name of the neuronal network in the 

brain stem that maintains wakefulness and sereens 
out unimportant sensory stimuli? 

a. reticular formation 

b. basal nuclei 
C. limbie system 
d. corpus callosum 

IINDERSTANDING CONCEPTS 

16. Briefly deseribe the effeets of injury to the following brain 
areas: 

a. Broea area 

b. hypothalamus 

C. medulla oblongata 
d. cerebellum 

17. A neurosurgeon has drilled a hole through her patient’s 
skull and is preparing to remove a eerebral tumor. In 
order, list the membranes she must cut through to reaeh 
the eerebral cortex. 

18. What is the function of the limbie system? Deseribe the 
effeet of damage to the hippocampus. 

19. Explain the working of an eleetroeneephalograph. What 
kind of information does the eleetroeneephalograph provide ? 

20. Compare and eontrast the functions of the following 
structures: 

a. frontal lobe and parietal lobe 

b. temporal lobe and oeeipital lobe 
C. thalamus and hypothalamus 

21. Referring to the 12 eranial nerves and their functions, 
make a list of the ones that are sensory, motor, and mixed. 

CONCEPTUAL THINKING 

27. The parents of Molly R., a 2-month-old girl, are 

informed that their daughter requires a shunt to drain 
excess CSF from her brain. What would happen to Molly 
if the shunt were not put into plaee? 


14. Dr. H diagnosed her patient with a subdural 
hemorrhage but eannot identify its loeation. Which 
diagnostie technique did she use? 

a. computed tomography 

b. eleetroeneephalography 

C. positron emission tomography 
d. radiography 

15. What type of impulses are involved in the sense of 
touch? 

a. speeial sensory 

b. general sensory 
C. somatie motor 
d. viseeral motor 


22. Explain the function of the four eranial nerves that might 
have been involved in causing Natalie’s visual symptoms 
discussed in the opening ease study. 

23. Referring to the brain overlays in The Body Visible at the 
beginning of the book, give the mimbers of the following: 

a. a network involved in the manufacture of CSF 

b. myelinated fibers 

C. a portion of the limbie system 

d. a shallow groove in the surface of the eerebral cortex 

e. a ehamber where CSF is made 

24. Referring to the Disseetion Atlas figure A3-1, name the: 

a. feature that separates the frontal from the parietal lobe 

b. feature that separates the frontal from the temporal lobe 
C. raised surface area anterior to the eentral sulcus 

25. Referring to Disseetion Atlas figure A3-2, name: 

a. area(s) where eerebrospinal fluid is made 

b. the area superior to the corpus callosum 

26. Referring to the Disseetion Atlas figure A3-3B: 

a. Name the area that is external to the dura mater. 

b. Name the area that is deep to the middle layer of the 
meninges. 


28. Natalie’s fall resulted in swelling in her brain. Explain the 
areas of the brain that might be affeeted as shown by her 
symptoms, which included drowsiness, irritability, loss of 
balanee, laek of eoordination, and slurred speeeh. 


For more questions, see the Learning Aetivities on 

thePoinf. 










Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Deseribe the functions of the sensory 

system. p. 198 

2 ► Differentiate between the different types 

of sensory reeeptors, and give exampLes 
of eaeh. p. 198 

3 ► Deseribe sensory adaptation, and expLain 

its vaLue. p. 198 

4 ► List and deseribe the structures that 

proteet the eye. p. 199 

5 ► Cite the Loeation and the purpose of the 

extrinsic eye muscLes. p. 199 

6 ► Identify the three tunics of the eye. 

p. 200 

7 ► Deseribe the proeesses invoLved in 

vision. p. 200 

8 ► Differentiate between the rods and the 

eones of the eye. p. 202 

9 ► Deseribe the three divisions of the ear. 

p. 205 

10 ► Deseribe the reeeptor for hearing, and 

expLain how it functions. p. 206 

11 ► Compare the Loeations and functions of 

the equiLibrium reeeptors. p. 206 

12 ► Discuss the Loeations and functions of 

the sense organs for taste and smeLL. 

p. 210 

13 ► Deseribe five generaL senses. p. 212 

14 ► Referring to the ease study, discuss the 

purpose and meehanism of a eoehLear 
impLant. pp. 197, 213 

15 ► Show how word parts are used to buiLd 

words reLated to the sensory system 
(see Word Anatomy at the end of the 
ehapter). p. 217 


A& 



llíl AetÌOr Evan hleeds a Ooehlear Implant 



BaeteriaL meningitis/' the ER 


It was 10 days until Evan was home and feeLing bet- 


resident toLd Evan's worried ter. The entire famiLy was so exhausted by the ordeaL that 

parents. Evan, 20 months it took them another week to notiee that Evan wasn't 

had been siek for 2 responding to sounds. A foLLow-up appointment with his 

days with vomiting and a pediatrieian and subsequent hearing test reveaLed that 

high fever. His parents Evan had 95% hearing Loss in the right ear and 60% in 
thought it was just a the Left. 


virus pieked up at 


iiTf 


I'm referring you to Dr. Sanehez, a speeiaList in 


dayeare, but the eoehLear impLants for young ehiLdren," the pediatrieian 

sudden deveLop- said. "A eoehLear impLant ean potentiaLLy restore some of 

ment of a rash 
over his ehest and 


Evan's hearing. 


"A muLtidiscipLinary approaeh is used for eaeh 
Legs sent them to patient," Dr. Sanehez expLained. "A eompLete audioLogi- 


the hospitaL. 


eaL, speeeh, and medieaL evaLuation wiLL be conducted 


The resident eon- aLong with a CT sean to determine if Evan is a eandidate. 
tinued, "He needs to If approved, you and Evan wiLL need to be enroLLed into 
be admitted right the pre-impLant program, where you wiLL Learn about how 
away for treatment a prosthetie impLant works. The deviee wiLL stinrmLate the 

observation. eoehLear nerve direetLy, bypassing the reeeptor eeLLs, and 


and 

Strong antibioties shouLd cure the infeetion, and steroids it may restore hearing for medium to Loud sounds. 


rr 


shouLd Limit the damage caused by Evan's immune system 


Evan's parents were hopefuL and eager to proeeed 


fighting the baeteria. Meningitis is an infeetion of the eentraL with the evaLuation. Dr. Sanehez fuLLy expected Evan to fit 
nervous system and ean be very dangerous, but we caught it the eriteria, as his hearing Loss was reeent. We wiLL eheek 


earLy. Be prepared to stay in the hospitaL at Least a week. 


rr 


Later to see how Evan's ease progressed. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANdLLARIES 7ìt-7i-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to 
text and its resources most effeetively, see pp. xi-xxii. 

Learning RESOURCES 

► Tips for Effeetive Studying 

► Animation: The Retina 

► Health Professions: Audiologist 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 


aeeess the following resources. For guidance in using this 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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* A LOOK BACK 


In deseribing tbe basie organization of tbe nervoiis system, 
ive ineliided both sensory and motor fnnetions. Now we eon- 
eentrate on just the sensory portion of the nervous system 
and the speeial reeeptors that deteet environmental ehanges. 
These speeialized stmetmes initiate the reflex pathways 
deseribed in the previons ehapters. 


The Senses 

The sensory system provides us with an awareness of 
our external and internal environments. An environmen- 
tal ehange beeomes a stimulus when it initiates a nerve 
impulse, which then travels to the eentral nervous system 
(CNS) by way of a sensory neuron. A stimulus beeomes a 
sensation—something we experience—only when a spe- 
eialized area of the eerebral cortex interprets the nerve 
impulse reeeived. Many stimuli arrive from the exter- 
nal environment and are deteeted at or near the body 
surface. Others originate internally and help maintain 
homeostasis. 


SENSORY RECEPTORS 

The part of the nervous system that deteets a stimulus is the 
sensory reeeptor. In structure, a sensory reeeptor may be one 
of the following: 

■ The free dendrite of a sensory neuron, such as the reeep- 
tors for pain and temperature 

■ A modified ending on the dendrite of a sensory neuron, 
such as those for touch 

■ A speeialized eell assoeiated with a sensory neuron, such 
as the rods and eones of the eye’s retina 

Reeeptors ean be elassified aeeording to the type of stimulus to 
which they respond: 

■ Chemoreceptors, such as reeeptors for taste and smell, 
deteet ehemieals in solution. 

■ Photoreeeptors, loeated in the retina of the eye, respond 
to light. 

■ Thermoreeeptors deteet ehanges in temperature. Many 
of these reeeptors are loeated in the skin. 

■ Meehanoreeeptors respond to movement, such as 
streteh, pressure, or vibration. These include pressure 
reeeptors in the skin, reeeptors that monitor body posi- 
tion, and the reeeptors of hearing and equilibrium in the 
ear, which are aetivated by the movement of eilia on spe- 
eialized reeeptor eells. 

Any reeeptor must reeeive a stimulus of adequate intensity, 
that is, at least a threshold stimulus, in order to respond and 
generate a nerve impulse. 


SPECIAL AND GENERAL SENSES 

Another way of elassifying the senses is aeeording to the distri- 
bution of their reeeptors. A speeial sense is loealized in a speeial 
sense organ; a general sense is widely distributed throughout 
the body. 

■ Speeial senses 

■ Vision from reeeptors in the eye 

■ Hearing from reeeptors in the inner ear 

■ Equilibrium (balanee) from reeeptors in the inner ear 

■ Taste from reeeptors in the tongue 

■ Smell from reeeptors in the upper nasal eavities 

■ General senses 

■ Pressure, temperature, pain, and touch from reeep- 
tors in the skin and internal organs 

■ Sense of position from reeeptors in the muscles, ten- 
dons, and joints 


SENSORY ADAPTATION 

When sensory reeeptors are exposed to a continuous and 
unimportant stimulus, they often adjust so that the sensation 
beeomes less acute. The term for this phenomenon is sensory 
adaptation. For example, when you first put on a watch, you 
may be aware of its pressure on your wrist. Soon you do not 
notiee it at all. If you are rinsing dishes in very warm water, 
you may be aware of the temperature at first, but you soon 
adapt and stop notieing the water’s temperature. Similarly, 
both delicious and horrible odors weaken the longer you smell 
them. As these examples show, both speeial and general senses 
are eapable of adaptation. However, different reeeptors adapt 
at different rates. Those for warmth, eold, and light pressure 
adapt rapidly. In eontrast, reeeptors for pain do not adapt. In 
faet, the sensations from reeeptors for slow, ehronie pain tend 
to inerease over time. This variation in reeeptors allows us to 
save energy by not responding to unimportant stimuli while 
always heeding the warnings of pain. 


CHECKPOINTS 



□ 10-1 VVhat is a sensory reeeptor? 

10-2 VVhat are some eategories of sensory reeeptors based 
on type of stimulus? 


□ 10-3 How do the speeial and general senses differ in 

loeation? 


10-4 VVhat happens when a sensory reeeptor adapts to a 
stimulus? 


ensEPOim 



10-1 ln the ease study, what type of sensory reeeptor was 
damaged? 
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The Eye and Vision 

Vision is arguably the most important of the speeial senses, 
contributing more than half of the information we use to per- 
eeive the world. Before we discuss the eye itself, we begin with 
the structures that proteet, move, and eontrol the eye. 

PROTECTIVE STRUCTURES OF THE EYE 

The eye is a delieate organ and is proteeted by a number of 
structures: 

■ The skull bones form the walls of the eye orbit (eavity) 
and proteet the posterior part of the eyeball (see Fig. 6-5). 

■ The upper and lower eyelids aid in proteeting the eye’s 
anterior portion (Figs. 10-1 and 10-2). The eyelids ean 
be elosed to keep harmful materials out of the eye, and 
blinking helps to lubricate the eye. An eyelid is teehnieally 
ealled a palpebra (PAL-peh-brah). A muscle, the leva- 
tor palpebra, is attaehed to the upper eyelid (Fig. 10-2). 
When this muscle eontraets, it keeps the eye open. If the 
muscle beeomes weaker with age, the eyelids may droop 
and interfere with vision, a eondition ealled ptosis. 

■ The eyelashes and eyebrow help keep foreign matter out 
of the eye. 

■ Tears, produced by the laerimal (LAK-rih-mal) glands 
(Fig. 10-1), lubricate the eye and eontain an enzyme that 
proteets against infeetion. As tears flow aeross the eye 
from the laerimal gland loeated in the orbit’s upper lat- 
eral part, they earry away small partieles that may have 
entered the eye. The tears then flow into eanals near the 
eye’s nasal eorner where they drain into the nose by way of 
the nasolaerimal (na-zo-LAK-rih-mal) duct. The laerimal 


Laerimal gland 


Eyebrow 


Eyelids 


Eyelashes 


Conjunctiva 
(on surface) 



Superior 

laerimal 

eanal 

Inferior 

laerimal 

eanal 


Laerimal 

sae 


Nasal 

eavity 


Nasolaerimal duct 


Figure 10-1 


The eye's proteetive structures. 


( KEY POINTTears are produced in the laerimal gland,located 
laterally, and flow aeross the eye to the laerimal eanals, loeated medially. 
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Figure 10-2 


A sagittal view of the eye orbit. KEY POINT 


The eye is a delieate organ well guarded by a bony soeket and other 
proteetive structures. 


glands, ducts, and eanals together make up the laerimal 
apparatus. An excess of tears causes a “runny nose;” the 
overproduction causes tears to spill onto the eheeks. With 
age, the laerimal glands seerete less, but tears still may 
overflow if the nasolaerimal ducts beeome plugged. 

A thin membrane, the conjunctiva (kon-junk-TI-vah), 
lines the inner surface of the eyelids and folds baek to 
eover the visible portion of the white of the eye (selera) 
(Fig. 10-1). Tbe eonjimetiva does not eover tbe eornea 
or tbe eyes posterior snrfaee. Cells within the conjunc- 
tiva produce mucus that aids in lubricating the eye. The 
poeket formed by the folded conjunctiva, known as the 
conjunctival sae, ean be used to instill medieation drops 
(see Fig.10-2). With age, the conjunctiva often thins and 
dries, resulting in inflammation and dilated blood vessels. 


THE EXTRINSIC EYE MUSCLES 

The extrinsic muscles move the eyeball within the eye soeket 
and are attaehed to the eyeball’s outer surface. The six 
ribbon-like extrinsic muscles eonneeted with eaeh eye origi- 
nate on the orbital bones and insert on the surface of the 
selera (Fig. 10-3). They are named for their loeation and the 
direetion of the nrnsele fibers. These muscles pull on the eye- 
ball in a eoordinated fashion so that both eyes eenter on one 
visual field. This proeess of eonvergenee is neeessary to the 
production of a elear retinal image. Having the image eome 
from a slightly different angle from eaeh retina is believed 
to be important for three-dimensional (stereoseopie) vision, 
a eharaeteristie of primates. 


NERVE SUPPLY TO THE EYE 

Two sensory eranial nerves supply the eye (see Fig. 9-11): 

■ The optie nerve (eranial nerve II) earries visual impulses 
from the eye’s photoreeeptors to the brain. 












200 Unit 3 Coordination and Control 



Orbit 

Selera 


Lateral rectus 


Superior oblique 


Superior rectus 


Inferior rectus 


Inferior oblique 




Figure 10-3 


Extrinsic musdes of the eye . f KEY POINT 


The extrinsic muscles eoordinate eye movements for proper 
vision.The medial rectus is not shovvn. ZOOMING IN What 
eharaeteristies are used in naming the extrinsic eye muscles? 


blood vessels in the conjunctiva.) The anterior portion of 
the fibrous tunic is the forward-curving, transparent, and 
eolorless eornea (KOR-ne-ah). 

2. The middle tunic is the vascular tunic, eonsisting mainly of 
the ehoroid (KO-royd). This layer is eomposed of a delieate 
network of eonneetive tissue interlaeed with many blood 
vessels. Its dark eoloration refleets the presenee of mela- 
nin, a dark brown pigment. Melanin absorbs light rays and 
prevents them from refleeting within the eye, much like the 
blaek grease athletes use under their eyes to reduce sun glare. 
At the eye’s anterior, the vascular tunic continues as the eili- 
ary (SIL-e-ar-e) muscle and suspensory ligaments (which 
eontrol the shape of the lens, deseribed shortly), and the iris 
(I-ris), the eolored, ringlike portion of the eye. 9 Remember 
tbat tbe iris is anterior to tbe lens but is not a part ofit. 

3. The innermost eoat is the nervous tunic, eonsisting of the 
retina (RET-ih-nah), the eye’s actual reeeptor layer. The ret- 
ina eontains light-sensitive eells known as rods and eones, 
which generate the nerve impulses assoeiated with vision. 
The neural tunic eovers only the posterior surface of the eye. 


■ The ophthalmie (of-THAL-mik) braneh of the trigeminal 
nerve (eranial nerve V) earries impulses of pain, touch, 
and temperature from the eye and surrounding parts to 
the brain. 

Three eranial nerves earry motor impulses to the eyeball mus- 

eles (see Fig. 9-15): 

■ The oculomotor nerve (eranial nerve III) is the largest; it 
supplies voluntary and involuntary motor impulses to all 
but two eye muscles. 

■ The troehlear nerve (eranial nerve IV) supplies the supe- 
rior oblique extrinsic eye muscle. 

■ The abducens nerve (eranial nerve VI) supplies the lat- 
eral rectus extrinsic eye muscle. 


CHECKPOINTS 



10-5 What are fìve structures that proteet the eye? 

10-6 What is the fiinetion of the extrinsic eye muscles? 

10-7 Which eranial nerve earries impulses from the retina to 
the brain? 


STRUCTURE 0F THE EYEBALL 

In the embryo, the eye develops as an outpocketing of the 
brain, a proeess that begins at about 22 days of development. 
The eyeball has three separate eoats, or tunics. The eompo- 
nents of these tunics are shown in Figure 10-4. 

1. The outermost tunic is the fibrous tunic. It eonsists mainly 
of the selera (SKLE-rah), which is made of tough eonnee- 
tive tissue and is eommonly referred to as the ivhite of the 
eye. It appears white because of the eollagen it eontains and 
because it has no blood vessels to add eolor. (Reddened or 
“bloodshot” eyes result from inflammation and swelling of 


PATHWAY 0F LIGHT RAYS AND REFRACTI0N 

As light rays pass through the eye toward the retina, they 
travel through a series of transparent, eolorless parts 
deseribed below and seen in Figure 10-4. On the way, they 
undergo a proeess known as refraetion, which is the bending 
of light rays as they pass from one substance to another sub- 
stanee of different density. (Lor a simple demonstration of 
refraetion, plaee a spoon into a glass of water, and observe 
how the handle appears to bend at the surface of the water.) 
Because of refraetion, light from a very large area ean be 
focused on a very small area of the retina. As light travels 
from the environment to the retina, it passes through the 
following refraetory structures: 

1. The transparent eornea curves forward slightly and is the 
eye’s main refraeting structure. The eornea has no blood 
vessels; it is nourished by the fluids that eonstantly bathe it. 

2. The aqueous (A-kwe-us) humor, a watery fluid that fills 
much of the eyeball anterior to the lens, helps maintain the 
eornea’s convex curve. The aqueous humor is eonstantly 
produced and drained from the eye. 

3. The lens, teehnieally ealled the erystalline lens , is a elear, 
circular structure made of a firm, elastie material. The lens 
has two outward-curving surfaces and is thus deseribed as 
biconvex. The lens is important in light refraetion because 
its thiekness ean be adjusted to focus light for near or far 
vision. 

4. The vitreous (VIT-re-us) body is a soft jelly-like substance 
that fills the entire spaee posterior to the lens (the adjee- 
tive vitreous means “glasslike”). Like the aqueous humor, it 
helps maintain the shape of the eyeball. 

Aeeommodation Aeeommodation is the proeess of 

adjusting lens thiekness to allow for vision at near and far 
distanees. It involves three structures of the vascular tunic: 
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Figure 10-4 


Theeye. (j KEY POINTThe eye has three tunics,or eoats—theselera, 
ehoroid, and retina. Its refraetive parts are the eornea, aqueous humor, lens, and vitreous 
body.These and other structures involved in vision are shown. (j ZOOMING IN What 
anterior structure is continuous with the selera? 


the eiliary muscle, the suspensory ligaments, and the lens. 
The doughnut-shaped eiliary muscle sits posterior to the iris, 
surrounding the lens. Its eentral hole is about the same size 
as the entire iris. Suspensory ligaments extend from the lens 
periphery to the inner surface of the eiliary muscle, similar to 
the springs joining a trampoline to its wire frame (Fig. 10-5). 

Aeeommodation occurs as follows (Fig. 10-6). The eili- 
ary muscle is smooth muscle, so the eells are thin and long 
when relaxed but short and wide when eontraeted. For distant 
vision, the eiliary muscle relaxes and thins, enlarging the een- 
tral opening. This enlarged opening pulls on the suspensory 
ligaments, keeping the lens in a more flattened shape. Light 
rays from a distant objeet do not require much refraetion, so 
the flattened lens perfeetly focuses the light rays on the retina 
(Fig. 10-6A). For elose vision, the eiliary muscle eontraets and 
fattens, relaxing tension on the suspensory ligaments. The 
elastie lens then reeoils and beeomes thieker, in much the same 
way that a rnbber band thiekens when we release the pull on it. 


The thiekened lens refraets the light to a greater extent, focus- 
ing the image from a near objeet on the retina (Fig. 10-6B). 
Eyeglasses and eontaet lenses are used to eorreet problems 
with refraetion. See Box 10-1 for more information. 

linetion of the Iris The iris is the pigmented ring that 
gives an eye its distinetive eolor. It is eomposed of two sets 
of muscle fibers that govern the size of the iris’s eentral 
opening, the pupil (PU-pil) (Fig. 10-7). One set of fibers is 
arranged in a circular fashion, and the other set extends 
radially like the spokes of a wheel. The iris regulates the 
amount of light entering the eye. In bright light, the iris’s 
circular muscle fibers eontraet (and the radial fibers relax), 
reducing the size of the pupil. This narrowing is termed 
eonstrietion. In eontrast, in dim light, the radial fibers eon- 
traet (and the circular fibers relax), pulling the opening 
outward and enlarging it. This enlargement of the pupil is 
known as dilation. 
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Figure 10-5 


The eiliary rrmsele and lens (posterior view). 


J ^ KEY POINT Contraction of the eiliary muscle relaxes tension on 
the suspensory ligaments,allowing the lens to beeome rounder for 
near vision. f ZOOMING IN What structures hold the lens in plaee? 


9 Students often eonfnse the functions ofthe iris and the 
lens. The lens regnlates aeeommodation, that is, light refrae- 
tion. The iris eontrols how much light reaehes the lens but 
does not partieipate in aeeommodation. 

FUNCTI0N OFTHE RETINA 

The retina has a complex structure with miiltiple layers 
of eells (Fig. 10-8). The deepest layer is a pigmented layer 
just superficial to the ehoroid. Next are the rods and eones, 
the eye’s reeeptor eells, named for their respeetive shapes. 
Table 10-1 lists the differenees between these two eell types. 
Superficial to the rods and eones are eonneeting neurons 
that earry impulses toward the optie nerve. Light rays must 
pass through these eonneeting neurons before they ean aeti- 
vate the photoreeeptors of the retina. 

The optie nerve arises from the retina a little toward the 
medial or nasal side of the eye. There are no photoreeeptors 
in the area of the optie nerve. Consequently, no image ean 
form on the retina at this point, which is known as the blind 
spot or optie disk (see Fig. 10-4). 

The optie nerve transmits impulses from the photo- 
reeeptors to the thalamus (part of the dieneephalon), from 
which they are direeted to the oeeipital cortex. Note that the 
light rays passing through the eye are actually overrefraeted 
(overly bent) so that an image falls on the retina upside down 


Distant 

objeet 



A Distant vision 



Ciliary muscle (relaxed) 
Ciliary body (flattened) 


Suspensory ligaments (taut) 


Lens (flattened) 



Lateral view 


Close 

objeet 




Ciliary muscle (eontraeted) 
Ciliary body (bulging) 
Suspensory ligaments (relaxed) 


Lens (rounded) 



B Close vision 


Figure 10-6 


Aeeommodation. A. Distant vision. The lens is flattened to lessen refraetion when viewing distant 


objeets. B. Close vision.The lens is rounded to inerease refraetion when viewing elose objeets. 1 J KEY POINT When 
viewing a elose object,the lens must beeome more rounded to focus light rays on the retina. 11 J ZOOMING IN When 
the lens is rounded, what is the position of the eiliary muscle? 
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Box 10-1 




Corrective Lenses 


An important part of routine health eare is the vision test, in 
which the patient reads off letters from a poster about 20 feet 
away.This test investigates one aspeet of vision—the ability of 
the lens to refraet (bend) light rays just enough so that they 
eonverge on the retina (see Fig. A).The point of eonvergenee is 
known as the foeaIpoint .The focusing of light rays in front of or 
behind the retina results in a blurry image. 

Farsightedness, or hyperopia, usually results from an abnor- 
mally short eyeball. In this situation, light rays focus behind the 
retina becausethe lens is unableto bend them sharply enough 
to focus on the retina (see Fig. B).To see a near objeet elearly, a 
person must move it away from the eye so that the image falls 
on the retina. A eommon age-related ehange, known as pres- 
byopia (literally"old eye disorder"),also impaets elose vision.ln 
this case,the lens loses elastieity and eannot curve enough to 
refraet light properly. 

In the ease of nearsightedness,or myopia ,the eyeball is too 
long or the eornea bends light rays too sharply, and the foeal 
point falls in front of the retina (see Fig. D). Distant objeets 
appear blurry,and only near objeets ean be seen elearly. 

Farsightedness or presbyopia ean be eorreeted with a eon- 
vex eyeglass or eontaet lens that inereases the angle of light 
refraetion to focus on the retina. Nearsightedness ean be eor- 
reeted with a eoneave eyeglass or eontaet lens that causes 
light rays to diverge and moves the foeal point farther baek to 
focus on the retina (see Figs.C and E). 



Lens 

Foeal point 


A Normal 



Lens too flat 
or eyeball 
too long 



Converging lens 

B Hyperopia or presbyopia C Hyperopia or 


presbyopia (eorreeted) 



Eyeball 
too long 



D Myopia 


Diverging lens 

E Myopia (eorreeted) 


and backward (see Fig. 10-6). It is the job of the brain’s 
visual eenters to invert the images. 

The rods are highly sensitive to light and thus function 
best in dim light, but they do not provide a sharp image 


or differentiate eolors. They are more numerous than the 
eones and are distributed more toward the periphery (ante- 
rior portion) of the retina. (If you visualize the retina as 
the inside of a bowl, the rods would be loeated toward the 


Bright light 



Circular fibers 
(eontraeted) 


Radial fibers (relaxed) 



Dim light 


9 


Sympathetie 

stimulation 



Circular fibers 
(relaxed) 


Radial fibers 
(eontraeted) 


Function of the iris. f v KEY POINT In bright light,circular muscles eontraet and eonstriet the 


Figure 10-7 


pupil, limiting the light that enters the eye. In dim light,the radial muscles eontraet and dilate the pupil,allowing more 
light to enter the eye. J J ZOOMING IN What muscle fìbers of the iris eontraet to make the pupil smaller and to make 
the pupil larger? 
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To optie nerve 

A 


Fovea eentralis 



Connecting neurons 


Retina 


A 


Pigmented 

layer 


Fovea eentralis Optie Blood 

(in macula lutea) Retina disk vessels 




Figure 10-8 


The retina. A. Structure of the retina. Rods and eones form a deep layer of the retina near the 


choroid.Connecting neurons earry visual impulses toward the optie nerve. B. Thefundus (baek) of theeye as seen 
through an ophthalmoseope. An abnormal appearanee of the fundus ean indieate disease. 


bowl’s lip.) When you enter into dim light, such as a dark- 
ened movie theater, you eannot see for a short period. It is 
during this time that the rods are beginning to function well, 
a ehange that is deseribed as dark adaptation. When you are 
able to see again, images are indistinet and appear only in 
shades of gray. 

The eones function best in bright light, are sensitive to 
eolor, and give sharp images. The eones are loealized at the 


retinal eenter, espeeially in a tiny depressed area near the 
optie nerve that is ealled the fovea eentralis (FO-ve-ah sen- 
TRA-lis) (Fig. 10-8; see also Fig. 10-4). (Note that fovea 
is a general term for a pit or depression.) Because this area 
eontains the highest eoneentration of eones, it is the point of 
sharpest vision. In addition, all of the neurons that eonneet 
the rods and eones to the optie nerve are displaeed away from 
this region so that the maximum amount of light reaehes the 



Comparìson of the Rods and Cones of the Retina 




Characteristic 


Rods 


Cones 


Shape 

Number 

Distribution 

Stimulus 

Visual acuity (sharpness) 

Pigments 

Color pereeption 


Cylindrical 

About 120 million in eaeh retina 

Toward the periphery (anterior) of the retina 

Dim light 

Low 

Rhodopsin 

None; shades of gray 


Flask shaped 

About 6 million in eaeh retina 
Concentrated at the eenter of the retina 
Bright light 
High 

Pigments sensitive to red, green, or blue 
Respond to eolor 
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eones. The fovea is eontained within a yellowish spot, the 
macula lutea (MAK-u-lah LU-te-ah). 

There are three types of eones, eaeh sensitive to red, 
green, or blue light. Color blindness results from a defieieney 
of retinal eones. People who eompletely laek eones are totally 
eolor blind; those who laek one type of eone are partially 
eolor blind. For instanee, individuals without green eones 
eannot distinguish green from red (red-green eolor blind- 
ness). This disorder, because of its pattern of inheritanee, 
occurs much more eommonly in males. 

The rods and eones function by means of pigments 
that are sensitive to light. The light-sensitive pigment in 
rods is rhodopsin (ro-DOP-sin), a complex molecule syn- 
thesized from vitamin A. If a person laeks vitamin A, and 
thus rhodopsin, he or she may have difficulty seeing in dim 
light, because the rods eannot be aetivated; this eondition 
is termed night blindness. Nerve impulses from the rods 
and eones flow into sensory neurons that gather to form 
the optie nerve (eranial nerve II) at the eye’s posterior (see 
Fig. 10-4). The impulses travel to the visual eenter in the 
brain’s oeeipital cortex. 

When an ophthalmologist (of-thal-MOL-o-jist), a 
physieian who speeializes in treatment of the eye, exam- 
ines the retina with an ophthalmoseope (of-THAL-mo- 
skope), he or she ean see abnormalities in the retina and 
in the retinal blood vessels (see Fig. 10-8B). Some of 
these ehanges may signal more widespread diseases that 
affeet the eye, such as diabetes and high blood pressure 
(hypertension). 

THE VISIIAL PR0CESS 

To summarize, the events required for proper vision 
(some of which may be occurring simultaneously) are as 
follows: 

■ The extrinsic eye muscles produce eonvergenee. 

■ Light refraets through the eornea and the aqueous humor. 

■ The muscles of the iris adjust the pupil. 

■ The eiliary muscle adjusts the lens (aeeommodation). 

■ The light continues to refraet through the vitreous body 
and passes through the superficial layers of the retina. 

■ Light stirmilates retinal reeeptor eells (rods and eones). 

■ The optie nerve transmits impulses to the brain. 

■ The visual areas in the oeeipital lobe cortex reeeive and 
interpret the impulses. 



□ 10-8 What are the three tiinies of the eyeball? 

□ 10-9 What are the structures that refraet light as it passes 

through the eye? 

□ 10-10 What is the function of the eiliary muscle? 

10-11 What is the function of the iris? 

□ 10-12 What are the reeeptor eells of the retina? 


See the Student Resources on thePoinf to view the 
animation “The Retina,” which illustrates the struc- 
ture and function of this reeeptor. 


The Ear 

The ear is the sense organ for both hearing and equilibrium 
(Fig.10-9). It is divided into three main seetions: 

■ The outer ear includes an outer projeetion and a eanal 
ending at a membrane. 

■ The middle ear is an air spaee eontaining three small 
bones. 

■ The inner ear is the most complex and eontains the sen- 
sory reeeptors for hearing and equilibrium. 

THE 01ITER EAR 

The external portion of the ear eonsists of a visible projeet- 
ing portion, the pinna (PIN-nah), also ealled the amiele 
(AW-rih-kl), and the external auditory eanal, or meatns 
(me-A-tus), that leads into the ear’s deeper parts. The pinna 
direets sound waves into the ear, but it is probably of little 
importanee in humans. The external auditory eanal extends 
medially from the pinna for about 2.5 em or more, depend- 
ing on which wall of the eanal is measured. The skin lining 
this tube is thin and, in the first part of the eanal, eontains 
many wax-producing ceruminous (seh-RU-mih-nus) glands. 
The wax, or eemmen (seh-RU-men), may beeome dried and 
impaeted in the eanal and must then be removed. The same 
kinds of disorders that involve the skin elsewhere—atopie 
dermatitis, boils, and other infeetions—may also affeet the 
skin of the external auditory eanal. 

The tympanie (tim-PAN-ik) membrane, or eardmm , is 
at the end of the external auditory eanal and separates this 
eanal from the middle ear eavity. The tympanie membrane 
vibrates freely when strnek with sound waves that enter 
the ear. 

THE MIDDLE EAR AND 0SSKLES 

The middle ear eavity is a small, flattened spaee that eon- 
tains three small bones, or ossieles (OS-ih-klz) (see Fig. 
10-9). The three ossieles are joined in such a way that they 
amplify the sound waves reeeived by the tympanie mem- 
brane as they transmit the sounds to the inner ear. The first 
bone is shaped like a hammer (or mallet) and is ealled the 
malleus (MAL-e-us). The handle-like part of the malleus is 
attaehed to the tympanie membrane, whereas the headlike 
part is eonneeted to the seeond bone, the incus (ING-kus). 
The incus is shaped like an anvil, an iron bloek used by 
blaeksmiths to shape metal. The innermost ossiele is shaped 
somewhat like the stirmp of a saddle and is ealled the sta- 
pes (STA-peze), which is Latin for stirmp. The base of the 
stapes is in eontaet with the inner ear. 

The auditory tube, also ealled the eiistaehian (u-STA- 
shun) tube , eonneets the middle ear eavity with the throat, 
or pharynx (FAR-inks) (see Fig. 10-9). This tube opens to 
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OLJTER EAR 

A 



Pinna External Tympanie 



Semicircular 

eanals 


> INNER EAR 


Ooehlea 

Vestibule 


Auditory 

(eustachian) 

tube 

Pharynx 


The ear. J ^ KEY POINT Structures in the outer, middle,and inner divisions are shown. 


Figure 10-9 


< ZOOMING IN What structure separates the outer ear from the middle ear? 


allow pressure to equalize on the two sides of the tympanie 
membrane. A valve that eloses the tube ean be foreed open 
by swallowing hard, yawning, or blowing with the nose and 
mouth sealed, as a person often does when experiencing pain 
from pressure ehanges in an airplane. 

The mucous membrane of the pharynx is continuous 
through the auditory tube into the middle ear eavity. The pos- 
terior wall of the middle ear eavity eontains an opening into 
the mastoid air eells, which are spaees inside the temporal 
bone’s mastoid proeess (see Fig. 6-5B). 

THEINNEREAR 

The ear’s most eomplieated and important part is the inter- 
nal portion, which is deseribed as a labyrintb (LAB-ih-rinth) 
because it has a complex, mazelike eonstmetion (Fig. 10-10). 
The outer shell of the inner ear is eomposed of hollow bone 
eomprising the bony labyrinth. This outer portion is filled with 
a fluid ealled perilymph (PER-e-limf). 

Within the bony labyrinth is an exact repliea of this bony 
shell made of membrane, much like an inner tube within a 
tire. The tubes and ehambers of this membranous labyrinth 
are filled with a fhfid ealled endolymph (EN-do-limf) (see 
Fig. 10-10A). Thus, the endolymph is within the membra- 
nous labyrinth, and the perilymph surrounds the membra- 
nous labyrinth. These flmds are important to the sensory 
functions of the inner ear. The inner ear has three divisions: 

■ The vestibule eonsists of two ehambers (the utricle 
and the saccule) that eontain some of the reeeptors for 
equilibrium. 


■ The semieirailar eanals are three projeeting tubes loeated 
toward the posterior. The area at the base of eaeh semi- 
circular eanal eontains reeeptors for equilibrium. 

■ The eoehlea (KOK-le-ah) is eoiled like a snail shell 
(eoeblea is Latin for “snail”). It eontains the reeeptors 
for hearing. 

HEARING 

Within the eoehlea, the membranous labyrinth is known as the 
eoehlear duct (see Fig. 10-10A and B). It biseets the bony lab- 
yrinth into a superior portion, the vestibular duct, and an infe- 
rior portion, the tympanie duct. Hair eells, the reeeptors for 
hearing, sit on the lower membrane of the eoehlear duct. The 
long strip of hair eells is also known as the spiral organ (organ 
of Corti [KOR-te]). The tips of the hair eells are embedded 
in a gelatinous membrane ealled the teetorial membrane. (The 
membrane is named from a Latin word that means “roof.”) 

The numbers below mateh the numbers in Figure 10-11. 
The eoehlea is pictured as unrolled to more easily show how 
sound waves progress through the inner ear ehambers. The 
steps in hearing are as follows: 

1. Sound waves first enter the external auditory eanal. The 
piteh (high or low) and amplitude (loud or soft) depend on 
the eharaeteristie of the wave. 

2. The sound waves set up vibrations in the tympanie mem- 
brane. The ossieles amplify these vibrations, which ean be 
large (loud) or small (soft), and fast (high piteh) or slow 
(low piteh). 
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B Cross-section of the eoehlea 


Figure 10-10 


The inner ear. J w KEY POINTThe labyrinth of the inner ear houses the reeeptors 


for hearing and equilibrium. A. The labyrinth.The vestibule,semicircular canals,and eoehlea 
are made of a bony shell, deseribed as a bony labyrinth, with an interior membranous labyrinth. 
Endolymph fìlls the membranous labyrinth,and perilymph surrounds it in the bony labyrinth. 

The eoehlea is the organ of hearing.The semicircular eanals and vestibule are eoneerned with 
equilibrium.B. Cross-section of the eoehlea. 1 J ZOOMING IN What type of fluid is in eontaet with 
the membrane lining the vestibular duct? 


3. The stapes transmits the vibrations to the oval window 
of the inner ear. This membrane then transmits the sound 
waves to the perilymph within the vestibular duct. 

4. This fluid wave in the vestibular duct sets up vibrations in 
the membranes of the eoehlear duct. High-pitehed sounds 
cause the proximal portions of the eoehlear membranes to 
vibrate, whereas low-pitched sounds initiate vibrations in 
the distal portion. 

5. The eoehlear duct vibrations initiate a seeond fluid wave 
in the tympanie duct. This wave dissipates when it hits the 
round window. 

6. Reeall that the hair eells pereh upon the lower eoehlear duct 
membrane with their tips (eilia) embedded in the teetorial 
membrane. Vibrations in these membranes move the eilia 
baek and forth. 


7. Cilia movement produces an eleetrieal signal in the hair 
eell. 

8. This motion sets up nerve impulses that travel to the brain 
in the vestibulocochlear nerve, a braneh of the eighth era- 
nial nerve (formerly ealled the auditory or aeonstie nerve). 

See Box 10-2 for hints about mastering the steps of the 
hearing proeess. 

Hearing reeeptors respond to both the piteh (tone) of 
sound and its intensity (loudness). Loud sounds stimulate 
more eells and produce more vibrations, sending more nerve 
impulses to the brain. Exposure to loud noises, such as very 
loud music, jet plane noise, or industrial noises, ean damage 
the reeeptors for particular pitehes of sound and lead to hear- 
ing loss for those tones. 
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The meehanies of hearing. KEY POINTThe bullets refer to numbered steps in the narrative. 


Figiire 10-11 


( ZOOMING IN What membrane eontains the eilia of the hair eells? 


C7\SEP0MTS 



10-2 What eells were damaged in Evan's ease? 

10-3 Would a eoehlear implant have worked for Evan if the 
eighth eranial nerve was damaged? Explain. 


See the Student Resources on thePoint®for information 
on how audiologists help treat hearing disorders. 


EQUILIBRIUM 

The other sensory reeeptors in the inner ear are those related 
to equilibrium (balanee). They are loeated in the vestibule 
and the semicircular eanals. Reeeptors for the sense of equi- 
librium respond to aeeeleration and like the hearing reeep- 
tors, are eiliated hair eells. As the head moves, a shift in the 
position of the eilia within a thiek material around them 
generates a nerve impulse. 
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Box 10-2 




Mastering Multistep Pathways 


This ehapter discusses two of the most 
complex proeesses in the body—hear- 
ing and vision. Llnderstanding these proeesses is important, 
because it enables us to design effeetive treatment for sensory 
disorders.This box provides some strategies that you ean use 
to analyze any multistep pathway. 


GHJESTION 

Hearing aids amplify sound waves. Explain why a hearing aid 
would be of limited use to eorreet Evan's deafness. 


ANSVVER 

Step 1. Learn the steps of the pathway. Although your first 
step is to read the textbook and look at the diagrams, you'll 
need to employ aetive learning techniques to best understand 
this proeess. For instanee: 

a. Write out the steps of the hearing pathway on separate 
pieees of paper, and praetiee rearranging them in the eor- 
reet order. 

b. Using a unlabeled drawing of the ear, explain the steps of 
the hearing pathway to a elassmate (or a dog or a wall). 
Speaking the steps aloud will help you remember. 

e. Gather a group of students to aet out the steps of the path- 
way. A student representing a sound wave ean gently shake 
a student representing the tympanie membrane, who in 
turn gently shakes the student representing the stapes,and 
so on. Perhaps a blanket ean represent the sound wave in 
the perilymph. Be ereative in developing your role-playing 


simulation,and ehanees are you will rememberthe pathway 
for a long time. 


Step 2. Identify the damaged eomponent. In the ease study, 
meningitis damaged Evan's hair eells.Find the hair eells in your 
list of steps or in your role-playing simulation.They are respon- 
sible for the fìnal step of transmitting the signal to the vestibu- 
loeoehlear nerve. 

Step 3. Determine the impaet of the damaged eomponent. 

Remove the slip of paper or person representing hair eells, 
and see if your pathway still works. Remember that eaeh step 
in a pathway depends on the previous step. If one step fails, 
any subsequent (downstream) step will not occur. In Evan's 
ease, the laek of hair eells prevents movements of the teetorial 
membrane from aetivating the eoehlear nerve. 

Step 4. Identify the aetion of the medieal intervention. A 

hearing aid amplifìes the sound wave, so all of the meehanieal 
ehanges are bigger. Use your role-playing simulation to visual- 
ize the impaet of bigger sound waves. All of the events up to 
teetorial membrane movements are magnifìed, but the signal 
eannot reaeh the nerve. In reality, a hearing aid would help if a 
few hair eells eseaped destmetion. However, it would have no 
effeet if all of the hair eells were gone. Cochlear implants, how- 
ever, bypass all of the meehanieal events to direetly stimulate 
the nerve. 


See the Study Guide (available separately) for more praetiee 
in understanding and analyzing multistep pathways. 


Reeeptors loeated in the vestibule’s two small ehambers 
sense the position of the head relative to the foree of gravity 
and also respond to aeeeleration in a straight line, as in a for- 
ward-moving vehiele or an elevator. Eaeh reeeptor is ealled 
a macula. (There is also a macula in the eye, but macula is 
a general term that means “spot.”) The macular hair eells 
are embedded in a gelatinous material, the otolithie (o-to- 
LITH-ik) membrane, which is weighted with small erystals 
of calcium earbonate, ealled otoliths (O-to-liths). The foree 
of gravity pulls the membrane downward, which bends the 
eilia of the hair eells, generating a nerve impulse (Fig. 10-12). 
In linear aeeeleration, the otolithie membrane lags behind 
the forward motion, bending the eilia in a direetion opposite 
to the direetion of aeeeleration. Picture sweeping mud off a 
garden path with a broom. As you move forward, the thiek 
mud is dragging the broom straws in the opposite direetion. 

The reeeptors for deteeting rotation, such as when 
you shake your head or twirl in a eirele, are loeated at the 
bases of the semicircular eanals (Fig. 10-13). These reeep- 
tors, ealled eristae (KRIS-te), are hair eells embedded in a 
gelatinous material ealled the cupula (KU-pu-lah). As with 
the maculae, when the head moves, the cupula lags behind 
a bit, bending the eilia in the opposite direetion. It’s easy to 
remember what these reeeptors do, because the semicircu- 
lar eanals go off in three different direetions. The erista in 


the horizontal eanal responds to horizontal rotation, as in 
a daneer’s spin; the one in the superior eanal responds to 
forward and backward rotation, as in somersaulting; the 
one in the posterior eanal responds to left-right rotation, as 
in doing a cartwheel. 

Nerve fibers from the vestibule and from the semicircu- 
lar eanals form the vestibular (ves-TIB-u-lar) nerve, which 
joins the eoehlear nerve to form the vestibulocochlear nerve, 
the eighth eranial nerve (see Fig. 10-13). 

CHECKPOINTS 

□ 10-13 VVhat are the three divisions of the ear? 

□ 10-14 VVhat are the names of the ear ossicles,and what do 

they do? 

□ 10-15 VVhat are the two fluids found in the inner ear, and 

where are they loeated? 

10-16 VVhat is the name of the hearing organ,and where is it 

loeated? 

□ 10-17 VVhere are the reeeptors for equilibrium loeated? 


C7\SEP0MT 



10-4Would Evan's equilibrium be affeeted by his disease? 
Explain. 
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Vestibulocochlear 
nerve (VIII) 



Cochlear 

nerve 


Vestibule 


Maculae 




Macula 


A Head upright 
Otoliths 


Reeeptor 

eell 


Vestibular nerve 
fiber 



B Head bent forvvard 



Aetion of the vestibiilar equilibrium reeeptors (maculae). KEY POINT As the head moves, 


Figure 10-12 


the otolithie membrane, vveighted vvith otoliths, pulls on the reeeptor cells'cilia,generating a nerve impulse.These 


reeeptors also function in linear aeeeleration. 
the otolithie membrane moves? 



ZOOMING IN What happens to the eilia of the macular eells vvhen 


Other Speeial Sense Organs 

The sense organs of taste and smell respond to ehemieal stimuli. 

SENSE 0F TASTE 

The sense of taste, or gustation (gus-TA-shun), involves reeep- 
tors in the tongue and two different nerves that earry taste 
impulses to the brain (Fig. 10-14). The gustatory sensory 
organs, known as taste buds, are loeated mainly on the superior 
surface of the tongue. They are enelosed in raised projeetions 


ealled papillae (pah-PIL-e), which give the tongue’s surface a 
rough texture and help manipulate food when chewing. Taste 
buds are stimulated only if the substance to be tasted is in solu- 
tion or dissolves in the fluids of the mouth. Within eaeh taste 
bud, modified epithelial eells (the gustatory eells) respond to 
one of five basie tastes: 

■ Sweet reeeptors respond to simple sugars. 

■ Salty reeeptors respond to sodium. 

■ Sour reeeptors deteet hydrogen ions. 
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Vestibulocochlear 
nerve (VIII) 
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erista 
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A Head stationary 


B Head turning 


Figure 10-13 


Aetion of the equilibrium reeeptors (eristae) in the semicircular eanals. 


f KEY POINT As the body spins or moves in different directions,the reeeptor eells'eilia bend, 


generating nerve impulses. 


■ Bitter reeeptors respond to various organie compounds. 

■ Umami (u-MOM-e) is a pungent or savory taste based 
on a response to the amino aeids glutamate and aspar- 
tate, which add to the meaty taste of protein. Glutamate is 
found in MSG (monosodium glutamate), a flavor enhaneer 
used in some proeessed foods and some restaurants. 

Some investigators eonsider spieiness to be a sixth taste, 
but the ehemieals involved (such as eapsaiein) aetivate pain/ 
touch reeeptors, namely the trigeminal nerve, rather than 
speeialized gustatory eells. Other tastes are a eombination 
of these five with additional smell sensations. The nerves 
of taste include the faeial and the glossopharyngeal eranial 
nerves (VII and IX) (see Fig. 10-14). The interpretation of 
taste impulses is probably aeeomplished by the brain’s lower 
frontal cortex, although there may be no sharply separate 
gustatory eenter. 

SENSE OF SMELL 

The importanee of the sense of smell, or olfaetion (ol-FAK- 
shun), is often underestimated. This sense helps deteet gases 
and other harmful substances in the environment and helps 
warn of spoiled food. Smells ean trigger memories and other 


psyehologieal responses. Smell is also important in sexual 
behavior. 

The olfaetory reeeptor eells are neurons embed- 
ded in the epithelium of the nasal eavity’s superior region 
(see Fig. 10-15). These neurons extend dendrites into the 
nasal eavity that interaet with smell ehemieals (odorants). 
Again, the ehemieals deteeted must be dissolved in the mucus 
that lines the nose. Because these reeeptors are high in the 
nasal eavity, you must “sniff” to bring odors upward in your 
nose. 

The axons of the olfaetory reeeptor eells pass through 
the ethmoid bone to synapse with other neurons in the olfae- 
tory bulb , the enlarged ending of the olfaetory nerve (eranial 
nerve I). The olfaetory nerve earries smell impulses direetly to 
the olfaetory eenter in the brain’s temporal cortex as well as 
to the limbie system. 

The interpretation of smell is elosely related to the sense 
of taste, but a greater variety of dissolved ehemieals ean be 
deteeted by smell than by taste. We have hundreds of differ- 
ent types of odor reeeptors; Figiire 10-15 illustrates two types. 
Different odors ean also aetivate speeifie eombinations of 
reeeptors so that we ean deteet over 10,000 different smells. 
The smell of foods is just as important in stimulating appetite 
and the flow of digestive juices as is the sense of taste. When 
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Papillae 


A Papillae 


B A papilla, illustrating 
the taste buds 



Papilla 


Taste 



Gustatory 

eells 

CN VII, 

IX, or X 


C Anatomy of a taste bud 


Figure 10-14 


Taste. A. Papillae are small bumps on the tongue. 


B. A papilla eontaining taste buds. C. Anatomy of a taste bud. 
^ KEY POINT Gustatory eells in the taste bud respond to 
ehemieals dissolved in saliva. 


The General Senses 

Unlike the speeial sensory reeeptors, which are loealized within 
speeifie sense organs and are limited to a relatively small area, 
the general sensory reeeptors are seattered throughout the 
body. These include reeeptors for touch, pressure, tempera- 
ture, position, and pain (Fig. 10-16). 

SENSE OF T0UCH 

The touch reeeptors, taetile (TAK-til) corpuscles, are found 
mostly in the dermis of the skin and around hair follieles. 
Touch sensitivity varies with the mimber of touch reeeptors 
in different areas. They are espeeially numerous and elose 
together in the tips of the fingers and the toes. The lips and the 
tip of the tongue also eontain many of these reeeptors and are 
very sensitive to touch. Other areas, such as the baek of the 
hand and the baek of the neek, have fewer reeeptors and are 
less sensitive to touch. 

The sensation of tiekle is related to the sense of touch 
but is still something of a mystery. Tiekle reeeptors are free 
nerve endings assoeiated with the taetile meehanoreeeptors. 
No one knows the value of tiekling, but it may be a form of 
soeial interaetion. Oddly, we experience tiekling only when 
touched by someone else. Apparently, the brain inhibits 
these sensations when you are trying to tiekle yourself and 
know the tiekling site, eliminating the element of surprise. 

SENSE OF PRESSURE 

Even when the skin is anesthetized, it ean still respond to pres- 
sure stimuli. These sensory reeeptors for deep pressure are 
loeated in the subcutaneous tissues beneath the skin and also 
near joints, muscles, and other deep tissues. They are some- 
times referred to as reeeptors for deep toucb. 

SENSE OFTEMPERATURE 

The temperature reeeptors are free nerve endings, reeeptors 
that are not enelosed in capsules but are simply branehings 
of nerve fibers. Temperature reeeptors are widely distrib- 
uted in the skin, and there are separate reeeptors for heat 
and eold. A warm objeet stimulates only the heat reeeptors, 
and a eool objeet affeets only the eold reeeptors. Internally, 
there are temperature reeeptors in the brain’s hypothala- 
mus, which help adjust body temperature aeeording to the 
temperature of the circulating blood. 


you have a eold, food often seems tasteless and unappetizing 
because nasal eongestion reduces your ability to smell the food. 

The olfaetory reeeptors deteriorate with age, and food 
may beeome less appealing. It is important when presenting 
food to elderly people that the food look inviting so as to 
stimulate their appetites. 


CHECKPOINT 



□ 10-18 What are the speeial senses that respond to ehemieal 

stimuli? 


SENSE 0F P0SITI0N 

Reeeptors loeated in muscles, tendons, and joints relay 
impulses that aid in judging body position and relative 
ehanges in the loeations of body parts. They also inform the 
brain of the amount of muscle eontraetion and tendon ten- 
sion. These rather widespread reeeptors, known as proprio- 
eeptors (pro-pre-o-SEP-tors), are aided in this function by 
the internal ear’s equilibrium reeeptors. The term kinesthesia 
(kin-es-THE-ze-ah) is sometimes used to deseribe dynamie, or 
movement-assoeiated, aspeets of proprioeeption. 
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Figure 10-15] 


Smell. A. Olfaetory eells in the superior portion of the nasal eavity deteet smells. 


B. Olfaetory reeeptor eells deteet an odorant and eonvey a signal to a neuron in the olfaetory bulb. 
' ZOOMING IN What part of an olfaetory reeeptor eell interaets with an odorant? 


Information reeeived by proprioeeptors is needed for 
muscle eoordination and is important in such aetivities as 
vvalking, rnnning, and many more eomplieated skills, such 
as playing a musical instmment. Proprioeeptors play an 
important part in maintaining muscle tone and good pos- 
ture. They also help assess the vveight of an objeet to be 
lifted so that the right amount of muscle foree is used. 

The nerve fibers that earry impulses from these reeeptors 
enter the spinal eord and aseend to the brain in the posterior 
part of the eord. The cerebellum is a main eoordinating een- 
ter for these impulses. 

SENSE 0F PAIN 

Pain is the most important proteetive sense. The reeep- 
tors for pain are vvidely distributed free nerve endings. 
They are found in the skin, muscles, and joints and to a 


lesser extent in most internal organs (including the blood 
vessels and viseera). Two pathways transmit pain to the 
CNS. One is for acute, sharp pain, and the other is for 
slow, ehronie pain. Thus, a single strong stimulus ean 
produce an immediate sharp pain, followed in a seeond 
or so by a slow, diffuse pain that inereases in severity 
with time. 

Referred Pain Sometimes, pain that originates in an inter- 
nal organ is experienced as eoming from a more superficial 
part of the body, particularly the skin. This phenomenon 
is known as referred pain. Liver and gallbladder disease 
often cause referred pain in the skin over the right shoulder. 
Spasm of the eoronary arteries that supply the heart may 
cause pain in the left shoulder and arm. infeetion of the 
appendix ean be felt as pain of the skin eovering the lower 
right abdominal quadrant. 
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Figure 10-16 


Sensory reeeptors in the skin. ■ KEY POINTThe skin has a variety of sensory 


reeeptors.Synapses with interneurons are in the spinal eord. 


Apparently, some interneurons in the spinal eord have 
the tvvofold duty of conducting impulses from viseeral 
pain reeeptors in the ehest and abdomen and from somatie 
pain reeeptors in neighboring areas of the skin, resulting in 
referred pain. The brain eannot differentiate betvveen these 
two possible sources, but because most pain sensations origi- 
nate in the skin, the brain automatically assigns the pain to 
this more likely plaee of origin. Knowing where viseeral pain 
is referred to in the body is of great value in diagnosing ehest 
and abdominal disorders. 

itell iteh reeeptors are free nerve endings that may be spe- 
eifie for that sensation or may share pathways with other 


reeeptors, such as those for pain. There are imiltiple causes 
for itehing, including skin disorders, allergies, kidney dis- 
ease, infeetion, and a host of ehemieals. Usually, itehing 
is a mild, short-lived annoyanee, but for some, it ean be 
ehronie and debilitating. No one knows why seratehing 
helps alleviate iteh. It may replaee the iteh sensation with 
pain or send signals to the brain to relieve the sensation. 


CHECKPOINTS 



10-19 What are fìve examples of general senses? 

10-20 What are proprioeeptors, and where are they loeated? 
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A & P in Aetion Revisited 


Evan's Goehlear Implant 



"Hi. How are we doing today?" asked Dr. Sanehez. 
Evan had undergone a right eoehlear impLant four 
weeks ago and was in for another foUow-up visit. He 
appeared to be a normaL, happy 20-month-oLd sitting 
on his mother's Lap. A coupLe of months earLier, menin- 
gitis had destroyed many of the essentiaL hair eeLLs in 
Evan's eoehLea. The drugs used to treat the meningitis 


may aLso have been ototoxic, contributing to further 
destmetion of these eeLLs. 

Dr. Sanehez expLained, "Evan is ready to have 
his externaL fitting. If you reeaLL, the impLant has 
three main eomponents: the internaL reeeiver that we 
impLanted behind Evan's ear with eLeetrodes going 
to the inner ear, and the externaL parts, a transmit- 
ter and sound proeessor. These eomponents aLLow the 
brain to interpret the frequency of sound as it wouLd 
if the hair eeLLs were functioning properLy. Today, 
we are going to aetivate the impLant by eonneeting 
the proeessor to the internaL deviee. Evan wiLL need 
some heLp from a speeeh therapist and audioLogist, 
but we're sure he wiLL make progress. If aLL goes as 
expected, the deviee wiLL eompLement the Limited 
hearing in his Left ear, and he wiLL not need a seeond 
impLant." 

"This entire proeess has been very difficuLt for us 
aLL," said Evan's father. "But to think that Evan wiU be 
abLe to hear weLL again is truLy amazing!" 

In this ease, we saw how the sense of hearing ean 
be eompromised by damaged hair eeLLs in the eoehLea, 
but new and advaneing teehnoLogy is heLping to treat 
such forms of hearing Loss. 
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Chapter Wrap-Up 


Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 
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Key Terms 


The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


aeeommodation 

auditory tube 

aqueous humor 

ehoroid 

eoehlea 

conjunctiva 

eonvergenee 


eornea 

gustation 

iris 

kinesthesia 
laerimal apparatus 
lens (erystalline lens) 
macula 


olfaetion 

ossiele 

proprioeeptor 

refraetion 

retina 

selera 

semicircular eanal 


sensory adaptation 
sensory reeeptor 
spiral organ 
tympanie membrane 
vestibule 
vitreous body 


Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

The Eye and Vision 

lute/o 

yellow 

The macula lutea is a yellowish spot in the retina that eontains the fovea eentralis. 

ocul/o 

eye 

The oenlomotor nerve moves the eye. 

opt/o 

eye 

The optie nerve earries impulses from the eye to the brain. 

ophthalm/o 

eye 

An ophthalmologist is a physieian who speeializes in treatment of the eye. 

-seope 

instrument for 
examination 

An ophthalmoseope is an instmment used to examine the posterior of the eye. 

The Ear 

equi- 

equal 

Equilibrium is balanee (equi- eombined with the Latin word libra meaning “balanee”). 

lith 

stone 

Otolitbs are small erystals in the inner ear that aid in statie equilibrium. 

ot/o 

ear 

See “lith” example above. 

tympan/o 

drum 

The tympanie membrane is the eardmm. 

The General Senses 

-esthesia 

sensation 

Kinesthesia is a sense of body movement. 

kine 

movement 

See “-esthesia” example above. 

propri/o- 

own 

Proprioeeption is pereeption of one’s own body position. 
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Questìons for Study and Revlevv 

BUILDING UNDERSTANDING 

Fill in the Blanks 

1. The part of the nervous system that deteets a stimulus is 

a(n)_. 

2. The bending of light rays as they pass from one substance 

to another is ealled_. 

3. Nerve impulses are earried from the ear to the brain by 

the nerve. 


4. A reeeptor that senses body position is a(n)_. 

5. A reeeptor’s loss of sensitivity to a continuous stimulus is 
ealled 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6. Contains eiliated reeeptors sensitive to vibration 

a. retina 

7. Contains reeeptors sensitive to light 

b. free nerve ending 

8. Loeation of equilibrium reeeptors 

C. vestibule 

9. A touch reeeptor 

d. spiral organ 

10. A pain reeeptor 

e. taetile corpuscle 


Mnltiple Choice 

_ 11. Which of the following is a general sense? 

a. taste 

b. smell 

C. equilibrium 
d. touch 

_ 12. From superficial to deep, what is the order of the 

eyeball’s tunics? 

a. nervous, vascular, fibrous 

b. fibrous, nervous, vascular 
C. vascular, nervous, fibrous 
d. fibrous, vascular, nervous 

_ 13. Which eye structure has the greatest effeet on light 

refraetion? 

a. eornea 

b. lens 

C. vitreous body 
d. retina 


14. Which nerve earries sensory signals from the retina 
to the brain? 

a. ophthalmie 

b. optie 

C. oculomotor 
d. abducens 

15. What do reeeptors in the semicircular eanals 
respond to? 

a. muscle tension 

b. sound 
C. light 

d. rotation 
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IINDERSTANDING CONCEPTS 

16. Differentiate between the terms in eaeh of the following 
pairs: 

a. speeial sense and general sense 

b. extrinsic and intrinsie eye muscles 
C. rods and eones 

d. endolymph and perilymph 

e. maculae and eristae 

17. Traee the path of a light ray from the outside of the eye 
to the retina. 

CONCEPTUAL THINKING 

22. The heroine in the wartime story starts to ery when she 
hears her boyfriend is believed missing in aetion. At the 
same time, she starts to sniffle and reaehes for a tissue. 
Why? 

23. You and a friend have just finished riding the roller 
eoaster at the amusement park. As you walk away from 
the ride, your friend stumbles and eomments that the ride 
has affeeted her balanee. How do you explain this? 


18. Deíine eonvergenee and aeeommodation , and deseribe 
several disorders assoeiated with them. 

19. List in order the structures that sound waves pass through 
in traveling through the ear to the reeeptors for hearing. 

20. Name the five basie tastes. Where are the taste reeeptors? 
Name the nerves of taste. 

21. Traee the pathway of a nerve impulse from the olfaetory 
reeeptors to the olfaetory eenter in the brain. 


24. Referring to the ease study, imagine you were Dr. Sanehez 
speaking to Evan’s parents. How would you explain the 
role of hair eells in hearing and how the eoehlear implant 
ean overeome their loss? 


For more questions, see the Learning Aetivities on 

thePoint®. 



CHAPTER 


The Endoerine System: Glands and Hormones 



Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Compare the effeets of the nervous 

system and the endoerine system in 
eontroLLing the body. p. 222 

2 ► Deseribe the functions of hormones. 

p. 222 

3 ► Identify the gLands of the endoerine 

system on a diagram. p. 222 

4 ► Discuss the ehemieaL eomposition of 

hormones. p. 223 

5 ► ExpLain how hormones are reguLated. 

p. 223 

6 ► List the hormones produced by eaeh 

endoerine gLand, and deseribe the 
effeets of eaeh on the body. p. 223 

7 ► Deseribe how the hypothaLamus eontroLs 

the posterior and anterior pituitary. 

p. 223 

8 ► List seven tissues other than the 

endoerine gLands that produce 
hormones. p. 230 

9 ► ExpLain the origin and function of 

prostagLandins. p. 232 

10 ^ List eight medieaL uses of hormones. 

p. 232 

11 ► ExpLain how the endoerine system 

responds to stress. p. 232 

12 ► Referring to the ease study, discuss the 

effeets of insuLin defieieney on body 
function. pp. 221, 233 

13 ► Show how word parts are used to buiLd 

words reLated to the endoerine system 
(see Word Anatomy at the end of the 
ehapter). p. 235 




















A & P 111 Aetion Beeky’s Case: When an Endoerine Organ Fails 




M 


Beeky stumbLed down the stairs, hoping 
that Max hadn't finished aLL the paneakes 
that she couLd smeLL eooking. 






jj 



Hovv vvas your sLeep Last night? 


FF 


asked Beeky's mother. 

y/ AwfuL," sighed Beeky, drowning 
the paneakes she was served in a Lake 
of syrup. "I woke up a bunch of times 
to go to the bathroom." 

"Were you actuaLLy abLe to make 
it this time?" ehimed Beeky's LittLe brother. Beeky wished 
Max hadn't brought that up. She hoped he wasn't bLabbing 
to his friends that she was wetting the bed again. 

"You know, if you didn't drink so much, you wouLdn't have 
to pee so much," expLained Max, as his sister guLped down her 
orange juice. Beeky pretended that she didn't eare about Max's 
eomment. But he was right. She was so thirsty—and hungry! 

It had been a Long day when the beLL rang and Beeky 
boarded the bus for home. Math eLass had been a disaster, 
because she couLdn't eoneentrate. During gym, she was tired 
and had a stomaeh aehe. And she had to keep asking for 
permission to go to the bathroom! Now, she was exhausted 
and her head hurt. Fighting tears, she remembered that dur- 
ing breakfast, her mom had mentioned that she'd made an 
appointment for Beeky to see her doetor. She hadn't been 
too keen on the idea, but now she was reLieved. 


Later that week, Beeky's pediatrieian weighed and mea- 
sured her and asked her a bunch of questions. 

"So, Beeky," said Dr. Carter. "For the past coupLe of 
weeks, you say you've feLt Lethargie and siek to your stom- 
aeh. You've been reaLLy thirsty and have needed to go to the 
bathroom a Lot. You've aLso been reaLLy hungry. You've had 
headaehes and some difficuLty eoneentrating at sehooL, and 
have felt tired when pLaying sports." Beeky wasn't too sure 
what Lethargie meant, but other than that he seemed to 
have gotten the faets right. So Beeky nodded her head yes. 

Turning to Beeky's mother, Dr. Carter said, "Checking 
her ehart, it appears that she's Lost severaL pounds sinee her 
Last appointment despite her appetite. I'm going to order 
urine and bLood tests. I'd Like to see what her gLucose LeveLs 
are." Beeky didn't enjoy the tests one bit. Having to pee in a 
cup was gross, and as for the bLood test, that was the worst. 

The next day, Dr. Carter eaLLed Beeky's mother. "The uri- 
naLysis was positive for gLucose and ketones, suggesting that 
Beeky is not metaboLizing gLucose eorreetLy. Her bLood test 
reveaLed that she's hypergLyeemie; her bLood sugar is too 
high. My diagnosis so far is that Beeky has type 1 diabetes 
meLLitus and needs insuLin." 

Dr. Carter suspects that Beeky's panereas does not pro- 
duce enough insuLin, a hormone needed to utiLize gLucose. 
As we wiLL see Later, diabetes has a dramatie effeet on Beeky's 
heaLth. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES 7ìt-7ì-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 


Learning ACTIVITIES 


► Tips for Effeetive Studying 

► Animation: Hormonal Control of 
Glucose 

► Health Professions: Exercise and 
Fitness Speeialist 

► Detailed ehapter Outline 

► Answers to Questions for Study 
and Review 

Audio Pronunciation Glossary 


► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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Unit 3 Coordination and Control 



A LOOK BACK 


Tbe past several ebapters bave deseribed tbe nervons system 
and its role in regnlating body responses. Tbe endoerine sys- 
tem is also vietved as a eontrolling system, exerting its effeets 
tbrongb bormones. Tbe endoerine glands differ from tbe 
exocrine glands deseribed in Cbapter 4 beeanse tbey seerete 
direetly into body flnids and not tbrongb dnets. Gontrol of 
tbe endoerine system relies mainly on negative feedbaek, 
deseribed in Gbapter 1. 


T he endoerine system eonsists of a group of glands that 
produces regiilatory ehemieals ealled hormones. These 
glands speeialize in hormone seeretion and are illustrated 
in Figure 11-1. The endoerine system and the nervous sys- 
tem work together to eontrol and eoordinate all other body 
systems. The nervous system eontrols such rapid aetions as 
muscle movement and intestinal aetivity by means of eleetri- 
eal and ehemieal stimuli. The effeets of the endoerine system 
occur more slowly and over a longer period. They involve 
ehemieal stimuli only, and these ehemieal messengers have 
widespread effeets on the body. 


Although the nervous and endoerine systems differ 
in some respeets, the two systems are elosely related. For 
example, the aetivity of the pituitary gland, which in turn 
regulates other glands, is eontrolled by the brain’s hypo- 
thalamus. You ean see both structures in Figure 11-1. The 
eonneetions between the nervous system and the endoerine 
system enable endoerine function to adjust to the demands 
of a ehanging environment. 


Hormones 

Hormones are ehemieal messengers that have speeifie reg- 
ulatory effeets on eertain eells or organs. Hormones from 
the endoerine glands are released, not through ducts, but 
direetly into surrounding tissue fluids. Most then diffuse 
into the bloodstream, which earries them throughout the 
body. The speeifie tissue aeted on by eaeh hormone is the 
target tissue. The eells that make up these tissues have 
reeeptors in the plasma membrane or within the eytoplasm 
to which the hormone attaehes. Onee a hormone binds to 
a reeeptor on or in a target eell, the bound reeeptor affeets 
eell aetivities such as regulating the manufacture of speeifie 
proteins, ehanging the membrane’s permeability to speeifie 
substances, or affeeting metabolie reaetions. Because blood 
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The endoerine glands. (j KEY POINTThe endoerine system eomprises 
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earries hormones throughout the body, any eell possessing 
reeeptors for a speeifie hormone will respond to the hor- 
mone, be it a elose neighbor of the seereting eell or not. 


C7\SEP0MT 



11-1 Referring to Figure 1-4, what step in the negative 
feedbaek eyele is interrupted in Beeky's ease? 


HORMONE CHEMISTRY 

ehemieally, hormones fall into two main eategories: 

■ Amino aeid compounds. These hormones are proteins or 
related compounds also made of amino aeids. All hor- 
mones except those of the adrenal cortex and the sex 
glands fall into this eategory. 

■ Steroids. These hormones are derived from the steroid 
eholesterol, a type of lipid (see Fig. 2-9). Steroid hor- 
mones are produced by the adrenal cortex and the sex 
glands. Many ean be reeognized by the ending sterone , 
as in progesterone and testosterone. 


HORMONE REGLILATION 


THE PITLIITARY 

The pituitary (pih-TU-ih-tar-e), or hypopbysis (hi-POF-ih- 
sis), is a gland about the size of a eherry. It is loeated in a sad- 
dle-like depression of the sphenoid bone just posterior to the 
point where the optie nerves eross. It is surrounded by bone 
except where it eonneets with the brain’s hypothalamus by a 
stalk ealled the infundibulum (in-fun-DIB-u-lum), as shown 
in the Disseetion Atlas Figure A3-3A. The gland is divided 
into two parts: the anterior lobe and the posterior lobe 
(Fig. 11-2). The anterior lobe is a true endoerine gland, eom- 
posed of epithelial tissue. The posterior lobe, however, is not a 
true gland. It eonsists of the axons and axon terminals of neu- 
rons that originate in the hypothalamus. The two lobes are 
eonsidered separately below. A small band of tissue between 
the two lobes seeretes a protein ealled melanocyte-stimulating 


As discussed in Chapter 1, the proeess of negative feed- hormone (MSH). 



Box 11-1 for more information. 


baek keeps the level of a particular parameter within a 
speeifie range. Figure 1-4 illustrates how the hormone 
insulin is a signal in the negative feedbaek loop regulat- 
ing blood glucose eoneentrations. When blood glucose 
inereases, insulin seeretion rises. Insulin aetions reduce 
blood glucose, reversing the initial stimulus and restoring 
homeostasis. 

Hormone release may fall into a rhythmie pattern. 
Hormones of the adrenal cortex follow a 24-hour eyele 
related to a person’s sleeping pattern, with the seeretion level 
greatest just before arising and least at bedtime. Hormones 
of the female menstmal eyele follow a monthly pattern. 


Posterior Lobe The two hormones of the posterior 
pituitary (antidiuretic hormone, or ADH, and oxytocin) 
are actually produced in the hypothalamus and only stored 
in the posterior pituitary (Fig. 11-2). Their release is eon- 
trolled by nerve impulses that travel over pathways (traets) 
between the hypothalamus and the posterior pituitary. 
Their aetions are as follows: 



CHECKPOINTS 

□ i 1-1 What are hormones, and what are some effeets of 

hormones? 

11-2 What name is given to the speeifie tissue that responds 
to a hormone? 

11-3 Hormones belong to what two ehemieal eategories? 

Oi 1-4 What is the most eommon meehanism used to regulate 

hormone seeretion? 


Antidiuretic (an-ti-di-u-RET-ik) hormone (ADH) 
promotes the reabsorption of water from the kidney 
tubules and thus deereases water excretion. A large 
amount of this hormone causes eontraetion of smooth 
muscle in blood vessel walls and raises blood pressure. 

Oxytocin (ok-se-TO-sin) causes uterine eontraetions 
and triggers milk ejeetion from the breasts. Under eer- 
tain circumstances, eommereial preparations of this 
hormone are administered during ehildbirth to pro- 
mote uterine eontraetion. 


Anterior Lobe The hormone-producing eells of the ante- 
rior pituitary are eontrolled by seeretions ealled releasing 
hormones produced in the hypothalamus (see Fig. 11-2). 
These releasing hormones travel to the anterior pituitary by 
way of a speeial type of circulatory pathway ealled a portal 
system. By this circulatory “detour,” some of the blood that 
leaves the hypothalamus travels to eapillaries in the anterior 
The remainder of this ehapter discusses hormones and the pituitary before retmning to the heart. Eaeh pituitary eell 

tissues that produce them. Although most of the discussion produces a particular hormone and is sthmdated by speeifie 

eenters on the endoerine glands, which speeialize in hormone hypothalamie releasing hormones. Hypothalamie releasing 

production, it is important to note that many tissues—other hormones are indieated with the abbreviation RH added to 

than the endoerine glands—also seerete hormones. These an abbreviation for the name of the hormone stimulated. 


The Endoerine Glands 
and Their Hormones 


tissues include the brain, digestive organs, and kidneys. 


For example, the releasing hormone (RH) that eontrols 


Some of these other tissues are discussed later in the ehapter. growth hormone (GH) is GHRH. Inhibitory hormones from 
Table 11-1 summarizes the information on the endoerine the hypothalamus also regulate the anterior pituitary hor- 


glands and their hormones. 


mones. Remember tbat releasing bormones are prodneed 
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The Endoerine Glands and Their Hormones 


Gland 


Hormone 


Prineipal Functions 



Hypothalamus Releasing hormones 

Hypothalamus and ADH (antidiuretic hormone) 

posterior pituitary 

Oxytocin 

Anterior pituitary GH (growth hormone) 

TSH (thyroid-stimulating 
hormone) 

ACTH (adrenoeortieotropie 
hormone) 

PRL (prolaetin) 

FSH (folliele-stinmlating 
hormone) 

LH (luteinizing hormone) 


Thyroid 

Parathyroids 


Thyroxine (TJ and 
triiodothyronine (T 3 ) 

PTH (parathyroid hormone) 


Adrenal medulla Epinephrine 


Adrenal cortex Cortisol (95% of glucocorticoids) 

Aldosterone (95% of 
mineraloeortieoids) 

Weak androgens 

Panereatie islets Insulin 

Glucagon 

Testes Testosterone 


Ovaries 


Pineal 


Estrogens (e.g., estradiol) 


Progesterone 


Melatonin 


Control the release of anterior pituitary hormones 

Promotes water reabsorption in kidney tubules; at high 
eoneentration, stinmlates eonstrietion of blood vessels 

Causes uterine muscle eontraetion; causes milk ejeetion 
from mammary glands 

Promotes growth of all body tissues 

Stirmilates thyroid gland to produce thyroid hormones 

Stimulates adrenal cortex to produce glucocorticoids 
(eortisol) and androgens 

Stimulates milk production by mammary glands 

Stimulates growth and hormonal aetivity of ovarian 
follieles; stirmrlates growth of testes; promotes sperm 
eell development 

Initiates ovulation, corpus luteum formation, and 
progesterone production in the female; stimulates 
testosterone seeretion in male 

inerease metabolie rate, influencing both physieal and 
mental aetivities; required for normal growth 

Regulates exchange of calcium between blood and bones; 
inereases calcium level in blood 

inereases blood pressure and heart rate; aetivates eells 
influenced by sympathetie nervous system plus many 
not supplied by sympathetie nerves 

inereases blood glucose eoneentration in response to stress 

Promotes salt (and thus water) retention and potassmm 
excretion 

Contribute to some seeondary sex eharaeteristies in women 

Reduces blood glucose eoneentrations by promoting 
glucose uptake into eells and glucose storage; promotes 
fat and protein synthesis 

Stimulates the liver to release glucose, thereby inereasing 
blood glucose levels 

Stimulates growth and development of sexual organs 
(testes and penis) plus development of seeondary sexual 
eharaeteristies, such as hair growth on the body and faee 
and deepening of voiee; stimulates sperm eell maturation 

Stimulates growth of primary sexual organs (uterus and 
tubes) and development of seeondary sexual organs, such 
as breasts; stimulates development of ovarian follieles 

Stinmlates development of mammary glands’ seeretory 
tissue; prepares uterine lining for implantation of 
fertilized ovum; aids in maintaining pregnaney 

Regulates mood, sexual development, and daily eyeles in 
response to the amount of light in the environment 


in tbe bypotbalamns and regnlate tbe prodnetion of speeifie 
anterior pitnitary bormones. 

Anterior Lobe Hormones The anterior pituitary is 
often ealled the master gland because it releases hormones 
that affeet the working of other glands, such as the thy- 
roid, gonads (ovaries and testes), and adrenal glands. 
(Hormones that stimulate other glands may be reeog- 
nized by the ending tropin as in tbyrotropin, which means 


“aeting on the thyroid gland.”) The major hormones are 
as follows (Fig. 11-2): 

■ Growth hormone (GH), or somatotropin (so-mah-to- 
TRO-pin), aets direetly on most body tissues, promot- 
ing protein manufacture that is essential for growth. GH 
causes inereases in size and height to occur in youth, 
before the closure of long bone epiphyses. A young 
person with a GH defieieney will remain small, though 
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Figure 11-2 


hormones seereted by the posterior pituitary, and synthesizes releasing hormones that regulate the anterior pituitary. 
f „ ZOOMING IN Whattwo structures doesthe infundibulum eonneet? 



A CLOSER LOOK 


Melanocyte-Stimulating Hormone: More Than a Tan? 



Box 11-1 




In amphibians, reptiles, and eertain other 
animals, melanocyte-stimulating hormone 
(MSH) darkens skin and hair by stimulating 
melanoeytes to manufacture the pigment melanin. 
In humans,though,MSH levels are usually so lowthat its role as a 
primary regulatorof skin pigmentation and haireolor isquestion- 
able.What,then,is itsfunction in the human body? 

Reeent researeh suggests that MSH is probably more 
important as a neurotransmitter in the brain than as a hor- 
mone in the rest of the body. A narrow region between 
the anterior and posterior pituitary, the intermediate lobe, 


produces MSH. When the pituitary gland seeretes adre- 
noeortieotropie hormone (ACTH), it seeretes MSH as well. 
This is so because pituitary eells do not produce ACTH 
direetly but produce a large precursor molecule, proo- 
piomelanoeortin (POMC), which enzymes cut into ACTH 
and MSH. 

MSH's other roles include helping the brain regulate food 
intake, fertility, and even the immune response. Interestingly, 
despite MSH's relatively small role in regulating pigmentation, 
women do produce more MSH during pregnaney and often 
have darker skin. 
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relatively well-proportioned unless treated with adequate 
hormone. GH is produced throughout life. It stimulates 
protein synthesis and is needed for cellular maintenanee 
and repair. It also stimulates the liver to release fatty 
aeids and glucose for energy in time of stress. 

■ Thyroid-stimulating hormone (TSH), or tbyrotropin 
(thi-ro-TRO-pin), stimulates the thyroid gland (a large 
gland found in the neek) to produce thyroid hormones. 

■ Adrenoeortieotropie (ad-re-no-kor-tih-ko-TRO-pik) 
hormone (ACTH) stimulates hormone production in the 
cortex of the adrenal glands. 

■ Prolaetin (pro-LAK-tin) (PRL) stimulates milk produc- 

tion in the breasts. 

■ Follicle-stimulating hormone (FSH) stimulates the 

development of ovarian follieles in which egg eells 
mature and the development of sperm eells in the testes. 

■ Luteinizing (LU-te-in-i-zing) hormone (LH) causes 

ovulation in females and promotes progesterone seere- 
tion in females and testosterone seeretion in males. 

FSH and LH are elassified as gonadotropins (gon-ah-do-TRO- 

pinz), hormones that aet on the gonads to regulate growth, devel- 

opment, and reproductive function in both males and females. 


releasing hormone (TRH) from the hypothalamus stimulates 
the production of TSH from the anterior pituitary gland. TSH 
promotes the release of thyroid hormones from the thyroid 
gland. The hypothalamus and anterior pituitary gland sense any 
inerease in thyroid hormone levels and reduce their production 
of TRH and TSH, respeetively. As a result, thyroid hormone 
levels deeline baek to normal. Conversely, TRH and TSH pro- 
duction inerease if thyroid hormone levels deeline below nor- 
mal levels. As mentioned above, TSH signals the thyroid gland 
(a gland in the neek) to seerete more hormones. 9 Stndents 
sometimes eonfnse tbe roles ofnegative feedbaek and reeeptors. 
Negative feedbaek maintains bormone eoneentrations ivitbin 
relatively narroiv limits. Reeeptors ensnre tbat tbese bormones 
exert tbeir effeets exclusively at tbe intended target tissnes. 

Growth hormone, ACTH, and, to a eertain extent, the 
gonadal steroids are all subject to similar negative feedbaek 
loops. These self-regulating systems keep hormone levels 
within a set normal range. 


CHECKPOINTS 



11-5 What part of the brain eontrols the pituitary? 

□ i 1-6 What hormones are released from the posterior 

pituitary? 


□ i 1-7 What hormones does the anterior pituitary seerete? 


Negative Feedbaek and the Anterior Lobe Negative 

feedbaek homeostatieally regulates most hormone seere- 
tions of the anterior pituitary and its target glands. That is, a 
hormone itself inhibits further hormone seeretion. An example 
is the seeretion of thyroid hormones (Fig. 11-3). Thyrotropin- 


Hypothalamus 


TRH stimulates 
TSH release 




v V 

V 


Anterior 

pituitary 


TRH 


(+) Stimulates 
© Inhibits 


Thyroid gland 


TSH stimulates 
thyroid hormone 
release 


i 


J Jj 


J. 




Thyroid 
hormones 
inhibit TRH 
and TSH 
release 


v 


Figure 11-3 


Negative feedbaek eontrol of thyroid hormones. 


f KEYPOINTThyroid hormone levels are kept eonstant by negative 
feedbaek. J J ZOOMING IN What gland eontrols the thyroid gland? 


THETHYROID GLAND 

The thyroid, loeated in the neek, is the largest of the endoerine 
glands (Fig. 11-4). The thyroid has two roughly oval lateral 
lobes on either side of the larynx (voiee box) eonneeted by a 
narrow band ealled an istbmus (IS-mus). A eonneetive tissue 
capsule eneloses the entire gland. 

Thyroid Homriones The thyroid produces two hor- 

mones that regulate metabolism. The prineipal hormone is 
thyroxine (thi-ROK-sin), which is symbolized as T 4 , based 
on the four iodine atoms eontained in eaeh molecule. The 
other hormone, which eontains three atoms of iodine, is 
triiodothyronine (tri-i-o-do-THI-ro-nene), or T . These 
hormones inerease the metabolie rate in body eells. That 
is, they inerease the rate at which eells use nutrients to gen- 
erate ATP and heat. Both thyroid hormones and growth 
hormone are needed for normal growth. As we saw in 
Figure 11-3, thyroid hormone production is under the eon- 
trol of TSH from the anterior pituitary, and thyroid hor- 
mones feed baek to inhibit TSH production. 

THE PARATHYROID GLANDS 

The four tiny parathyroid glands are embedded in the thyroid’s 
posterior capsule or in the surrounding eonneetive tissue (see 
Fig. 11-4). The seeretion of these glands, parathyroid hor- 
mone (PTH), promotes calcium release from bone tissue, 
thus inereasing the amount of calcium circulating in the 
bloodstream. PTH also causes the kidney to eonserve eal- 
cium. PTH levels are eontrolled by negative feedbaek based 
on the amount of calcium in the blood; when calcium is low, 
PTH is produced. 
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Figure 11-4 


Thyroid and parathyroid glands. A.The thyroid has two lobes eonneeted by 


an isthrrms.These are shown here in relation to other structures in the throat.The epiglottis is a 
eartilage of the larynx. B.The parathyroid glands are embedded in the posterior surface of the 
thyroid gland. ( ^ ZOOMING IN What structure is superior to the thyroid? Inferior to the thyroid? 


Calcium Metabolism Calcium balanee is required 

not only for the health of bones and teeth but also for 
the proper function of the nervous system and muscles. 
Another hormone, in addition to PTH, is needed for eal- 
cium balanee. This hormone is ealeitriol (kal-sih-TRI-ol), 
teehnieally ealled dihydroxycholecalciferol (di-hi-drok- 
se-ko-le-kal-SIF-eh-rol), the aetive form of vitamin D. 
Calcitriol is produced by modifieation of vitamin D in the 
liver and then the kidney, a proeess stimulated by PTH. 
Calcitriol inereases intestinal absorption of calcium to 
raise blood calcium levels. 

PTH and ealeitriol work together to regulate the amount 
of calcium in the blood and provide calcium for bone main- 
tenanee and other functions. 


CHECKPOINTS 



11-8 What is the effeet of thyroid hormones on eells? 

Oi 1-9 What mineral is needed to produce thyroid hormones? 

Oi 1-10 What mineral do parathyroid hormone (PTH) and 

ealeitriol regulate? 


THE ADRENAL GLANDS 

The adrenals, also ealled the siiprarenal glands , are two 
small glands loeated atop the kidneys. Eaeh adrenal gland 
has two parts that aet as separate glands. The inner area is 
ealled the medulla, and the outer portion is ealled the cortex 
(Fig.11-5). 

Hormones from the Adrenal Medulla The hormones 

of the adrenal medulla are released in response to stimulation 


by the sympathetie nervous system. The prineipal hormone 
produced by the medulla is epinephrine, also ealled adrena- 
line. Epinephrine is ehemieally and fimetionally similar to 
norepinephrine, the neurotransmitter aetive in the sympa- 
thetie nervous system, as deseribed in Chapter 8. However, 
epinephrine is generally eonsidered to be a hormone because 
it is released into the bloodstream instead of being released 
loeally at synapses. Both epinephrine and norepinephrine 
are responsible for figbt-or-fligbt responses during emer- 
geney situations. Some of their effeets are as follows: 

■ Stimulation of smooth muscle eontraetion in the walls 
of some arterioles, causing them to eonstriet and blood 
pressure to rise aeeordingly 

■ inerease in the heart rate 

■ inerease in the metabolie rate of body eells 

■ Conversion of glyeogen stored in the liver into glucose; 
the glucose enters the blood and travels throughout the 
body, allowing the voluntary muscles and other tissues 
to do an inereased amount of work 

■ Dilation of the bronehioles through relaxation of the 
smooth muscle in their walls 

Hormones from the Adrenal Cortex There are three 

main groups of hormones seereted by the adrenal cortex: 

■ Glucocorticoids (glu-ko-KOR-tih-koyds) help the body 
respond to unfavorable eonditions such as starvation. They 
maintain blood glucose levels in times of stress by stimu- 
lating the liver to eonvert amino aeids into glucose instead 
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Figure 11-5 


The adrenal gland. f KEY POINTThe medulla 


seeretes epinephrine.The cortex seeretes steroid hormones. 

A. Loeation of the adrenal glands on the kidneys. B.Structure of the 
adrenal gland.íj ZOOMING IN What is the outer region of the 
adrenal gland called?The inner region? 


of protein (as indieated by gluco in the name). In addition, 
they raise the levels of other nutrients in the blood, includ- 
ing amino aeids from tissue proteins and fatty aeids from 
fats stored in adipose tissue. Glucocorticoids also have 
the ability to suppress the inflammatory response and are 
often administered as medieation for this purpose. The 
maj or hormone of this group is eortisol, which is also ealled 
bydroeortisone. Cortisol levels are eontrolled by negative 
feedbaek. See Box 11-2 to learn about the impaet of eor- 
tisol injeetions on this negative feedbaek loop. 

Mineraloeortieoids (min-er-al-o-KOR-tih-koyds) are 
important in the regulation of eleetrolyte balanee. They 
eontrol sodium reabsorption and potassium seeretion by 
the kidney tubules. The major hormone of this group is 
aldosterone (al-DOS-ter-one). 

Androgens (“male” sex hormones) are seereted in small 
amounts. Whereas these hormone quantities are insig- 
nifieant in males (the testes produce large amounts of 


androgens), they constitute over 50% of the androgens 
in premenopausal women and are the only source of 
sex hormones in postmenopausal women. In normal 
amounts, they promote some bone and muscle growth 
and stirmilate libido (sexual desire). 


CHECKPOINTS 



□ i 1-11 What is the main hormone produced by the adrenal 

medulla? 


□ i 1-12 What three eategories of hormones are released by 

the adrenal cortex? 


Oi 1-13 What effeet does eortisol have on blood glucose 

levels? 


THE END0CRINE PANCREAS 

The panereas is loeated in the left upper quadrant of the abdo- 
men, inferior to the liver and gallbladder and lateral to the first 
portion of the small intestine, the duodenum (Fig. 11-6 and Atlas 
Figure A3-9). It has two main types of eells that perform dif- 
ferent functions. The most abundant type forms small clusters 
ealled aeini (AS-ih-ni) (singular aeinns) that resemble blaek- 
berries (acinus eomes from a Latin word meaning “berry”). 
Aeini seerete digestive enzymes through ducts direetly into the 
small intestine (see Chapter 17), thus making up the exocrine 
portion of the panereas. In addition, seattered throughout the 
panereas are speeialized eells that form “little islands” ealled 
islets (I-lets), originally the islets of Langerbans (LAHNG-er- 
hanz) (see Fig. 11-6). These eells produce hormones that diffuse 
into the bloodstream, thus making up the endoerine portion of 
the panereas, which we discuss further here. 

Panereatie Hormones The most important hormone 

seereted by the islets is insulin (IN-su-lin), which is produced 
by beta (P) eells. As illustrated in Fígure 1-4, insulin is an 
important signal in the regulation of glucose homeostasis by 
negative feedbaek. inereased blood glucose levels stimulate 
insulin production, and insulin stimulates glucose uptake 
and use by body eells. All eells use more glucose for energy, 
and liver and muscle eells eonvert excess glucose into glyeo- 
gen, the storage form of glucose. As a result of these aetions, 
blood glucose levels deeline, and insulin seeretion deelines. 

In addition to its role in glucose homeostasis, insulin 
also promotes overall tissue building. Under its effeets, tissues 
store fatty aeids as triglyeerides (fats) and use amino aeids to 
build proteins. An insulin defieieney caused Beeky’s signs and 
symptoms in this ehapter’s ease study. 

A seeond islet hormone, produced by alpha (a) eells, is 
ghieagon (GLU-kah-gon), which works with insulin to regu- 
late blood glucose levels. When blood glucose levels deerease, 
such as during an overnight fast, glucagon seeretion inereases. 
The liver responds to glucagon by inereasing glucose pro- 
duction from amino aeids and from glyeogen. The inereased 
hepatie glucose production inereases blood glucose levels. 

To summarize, insulin is known as the bormone offeast- 
ing, because food intake stimulates its release, and insulin aets 
to stimulate glucose use and storage. Glucagon, on the other 
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Box 11-2 




Negative Feedbaek, One More Time 


ln ehapter 1, Box 1-1 (One Step at a Time: 
Deeiphering Negative Feedbaek Loops) dis- 
cussed the eomponents of relatively simple feedbaek loops. As 
you saw in Figure 11-3, negative feedbaek involving the hypo- 
thalamus and anterior pituitary is somewhat more eomplieated! 
Answering questions such as the one below will help eement 
your knowledge of these important endoerine organs and enrieh 
your understanding of homeostasis and feedbaek. 

QUESTION 

You have been getting weekly injeetions of eortisol to treat a 
persistent athletie injury, and your physieian requests a blood 
test. Normally, eortieotrophin-releasing hormone (CRH) from the 
hypothalamus stimulates ACTH release from the anterior pituitary 
gland. In turn, ACTH stimulates eortisol release from the adrenal 
cortex. Cortisol inhibits CRH release as the messenger in a nega- 
tive feedbaek loop.On the basis of this information, what would 
your blood test show in terms of CRH, ACTH,and eortisol levels? 

Step 1. Identify the hormones involved, and draw out the 
feedbaek loop.The question gives you all of the neeessary infor- 
mation for this step.You may want to sketeh out a simple feed- 
baek loop such as this one: 


CRH 



ACTH 



eortisol 





Step 2. Identify the intervention. You are reeeiving eortisol 
injections,so yourcortisol levels will be high. 

Step 3. Map ehanges in the other hormones involved. The 

injeeted eortisol will aet at the hypothalamus to reduce CRH 
production. If CRH production deereases, ACTH production will 
deerease as well. 

Step 4. Remember that negative feedbaek only regulates 
"normal" hormone production. It eannot reduce (or inerease) 
the hormone eoneentration if: 

1. The hormone is administered therapeutically 

2. A tumor is producing unregulated levels of a hormone 

3. The gland that normally produces the hormone is defìeient 

Thus, even though negative feedbaek will aet to reduce eortisol 
production from the adrenal gland, the eonstant eortisol injee- 
tions ensure that blood eortisol levels remain high.So,the answer 
to the question is elevated eortisol but reduced CRH and ACTH. 
(ineidentally, CRH inhibits appetite. So, patients reeeiving large 
amounts of eortisol generally get very hungry!) 

See Question 26 at the end of this ehapter for more praetiee with 
this question type. 


hand, is the bormone offasting, because starvation stimulates 
its release and glucagon promotes glucose production by the 
liver. The aetivities of insulin and glucagon are smnmarized in 

Figure 11-7. 


C7\SEPOimS 



11-2 Is the insulin involved in Beeky's ease eomposed of 
amino aeids or is it a steroid? 

11-3 Why is Beeky losing weight? 

11-4 Would Beeky's glucagon seeretion be inereased or 
deereased, eompared to normal? 


See the Student Resources on thePoint® to view the 
animation “Hormonal Control of Glucose”. 


THE SEX GLANDS 

The sex glands, the female ovaries and the male testes, not 
only produce the sex eells (sperm and ova) but are also impor- 
tant endoerine organs. The hormones produced by these 
organs are needed in the development of the sexual eharae- 
teristies, which usually appear in the early teens, and for the 
maintenanee of the reproductive organs onee full develop- 
ment has been attained. They also eontrol nonreproductive 
eharaeteristies, such as bone and muscle growth and repair. 
Those features that typify a male or female other than the 
structures direetly eoneerned with reproduction are termed 


seeondary sex eharaeteristies. They include a deep voiee and 
faeial and body hair in males, and wider hips, breast devel- 
opment, and a greater ratio of fat to muscle in females. 

All male sex hormones are elassified as androgens 
(AN-dro-jens). The main androgen produced by the testes is 
testosterone (tes-TOS-ter-one). 

In the female, the hormones that most nearly parallel 
testosterone in their aetions are the estrogens (ES-tro-jens), 
produced by the ovaries. Estrogens contribute to the develop- 
ment of the female seeondary sex eharaeteristies and stimulate 
mammary gland development, the onset of menstruation, and 
the development and functioning of the reproductive organs. 

The other hormone produced by the ovaries, ealled 
progesterone (pro-JES-ter-one), assists in the normal devel- 
opment of pregnaney (gestation). All the sex hormones are 
discussed in more detail in Chapter 20. 

THE PINEAL GLAND 

The pineal (PIN-e-al) gland is a small, flattened, eone-shaped 
structure loeated posterior to the midbrain and eonneeted to 
the roof of the third ventriele (see Fig. 11-2 and Disseetion 
Atlas Figure A3-2). 

The pineal gland produces the hormone melatonin (mel- 
ah-TO-nin) during dark periods; little hormone is produced 
during daylight hours. This pattern of hormone seeretion 
influences the regulation of sleep-wake eyeles (see Box 11-3). 
Melatonin also appears to delay the onset of puberty. 
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The panereas and its fiinetions. (j KEY POINTThe panereas has both exocrine and endoerine 


Figure 11-6 


functions. A.The panereas in relation to the duodenum (small intestine). B. Diagram of an acinus,which seeretes 
digestive juices into ducts,and an islet,which seeretes hormones into the bloodstream.e. Photomierograph of 
panereatie eells. Light-staining islets are visible among the many aeini that produce digestive juices. 


CHECKPOINTS 



Oi 1-14 What two hormones produced by the islets ofthe 

panereas regulate blood glucose levels? 


□ i 1-15 Sex hormones eonfer eertain features assoeiated with 

male and female gender. What are these features 
ealled as a group? 



11-16 What hormone does the pineal gland seerete? 


Other Hormone Sources 

Originally, the word kormone applied to the seeretions of 
the endoerine glands only. The term now includes vari- 
ous body substances that have regulatory aetions, either 
loeally or at a distanee from where they are produced. 
Many body organs and tissues produce such regulatory 
substances. 
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Fìgure 11-7 


Theeffeetsof ìnsulìn and glucagon. £ KEY POINTThesetwo hormones worktogetherto regulate 


blood glucose levels. J „ ZOOMING IN What organs do insulin and glucagon mainly influence? 


Important examples include: 

■ Adipose tissue (fat) produces leptin, a hormone that eon- 
trols appetite. 

■ The small intestine seeretes hormones that eontrol appe- 
tite and help regulate the digestive proeess. 

■ The kidneys produce a hormone ealled erythropoietin 
(e-rith-ro-POY-eh-tin) (EPO), which stimulates red blood 
eell production in the bone marrow. Production of this 


hormone inereases when there is a deereased oxygen 
supply in the blood. 

Osteoealein, produced in bone, stimulates such diverse 
proeesses as bone formation and insulin seeretion. 

The atria (upper ehambers) of the heart produce a sub- 
stanee ealled atrial natriuretic (na-tre-u-RET-ik) peptide 
(ANP) in response to their inereased filling with blood. 
ANP inereases sodium excretion by the kidneys and low- 
ers blood pressure. 



CLINIC 




/-\ 



PERSPECTIVES 



Box 11-3 




Seasonal Affeetive Disorder: Seeing the Light 


Most of us fìnd that long, dark days make us blue and sap our 
motivation. Are these learned responses or is there a physieal 
basis for them? Studies have shown that the amount of light 
in the environment does have a physieal effeet on behavior. 
Evidenee that light alters mood eomes from people who are 
intensely affeeted by the dark days of winter—people who suf- 
fer from seasonal affeetive dìsorder, aptly abbreviated SAD. 
When days shorten, these people feel sleepy, depressed, and 
anxious.They tend to overeat, espeeially earbohydrates. Researeh 
suggests that SAD has a genetie basis and may be assoeiated 
with deereased levels of the neurotransmitter serotonin. 


As light strikes the retina of the eye, it sends impulses 
that deerease the amount of melatonin produced by the 
pineal gland in the brain. Because melatonin depresses mood, 
the final effeet of light is to elevate mood. Daily exposure to 
bright lights has been found to improve the mood of most 
people with SAD. Exposure for 15 minutes after rising in the 
morning may be enough, but some people require longer ses- 
sions both morning and evening. Other aids include aerobie 
exercise, stress management techniques, and antidepressant 
medieations. 
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■ The thymus is a mass of lymphoid tissue that lies in 
the upper part of the ehest superior to the heart. This 
organ is important in the development of immunity 
early in life, but it shrinks and beeomes less impor- 
tant in adulthood. Its hormone, thymosin (THI-mo- 
sin), assists in the maturation of eertain white blood 
eells known as T eells (T lymphoeytes) after they have 
left the thymus gland and taken up residenee in lymph 
nodes throughout the body. The immune system is 
discussed in Chapter 15. 

■ The plaeenta (plah-SEN-tah) produces several hormones 
during pregnaney. These cause ehanges in the uterine lin- 
ing, and later in pregnaney, they help prepare the breasts 
for laetation. Pregnaney tests are based on the presenee 
of plaeental hormones (see Chapter 21). 

PROSTAGLANDINS 

Prostaglandins (pros-tah-GLAN-dins) are a group of hor- 
mone-like substances derived from fatty aeids. The name 
prostaglandin eomes from the faet that they were first dis- 
eovered in semen and thought to be derived from the male 
prostate gland. We now know that prostaglandins are syn- 
thesized by almost all body eells. One reason that they are 
not strietly elassified as hormones is that they are produced, 
aet, and are rapidly inaetivated in or elose to where they are 
produced. In addition, they are produced not at a defined 
loeation, but throughout the body. 

A bewildering array of functions has been aseribed to 
prostaglandins. Some cause eonstrietion of blood vessels, 
bronehial tubes, and the intestine, whereas others cause 
dilation of these same structures. Prostaglandins are aetive 
in promoting inflammation; eertain anti-inflammatory 
drugs, such as aspirin, aet by bloeking prostaglandin pro- 
duction. Some prostaglandins have been used to induce 
labor or abortion and have been reeommended as possible 
eontraeeptive agents. 

Overproduction of prostaglandins by the uterine lin- 
ing (endometrium) ean cause painful eramps of the uterine 
muscle during menstmation. Treatment with prostaglandin 
inhibitors has been successful in some eases. Much has been 
written about these substances, and extensive researeh on 
them continues. 


Hormones and Treatment 

Hormones used for medieal treatment are obtained from 
several different sources. Some are extracted from animal 
tissues. Some hormones and hormone-like substances are 
available in synthetie form, meaning that they are manufac- 
tured in eommereial laboratories. A few hormones are pro- 
duced by the genetie engineering technique of reeombinant 
DNA. In this method, a gene for the cellular manufacture 
of a given product is introduced in the laboratory into a 
harmless strain of the eommon bacterium Eseberiebia eoli. 
The organisms are then grown in quantity, and the desired 
substance is harvested and purified. 


A few examples of natural and synthetie hormones used 
in treatment are as follows: 


■ Insnlin is used in the treatment of diabetes mellitus. 
Pharmaceutical eompanies now produce “human” insu- 
lin by reeombinant DNA methods. 

■ Adrenal steroids , primarily the glucocorticoids, are 
used for the relief of inflammation resulting from injury 
or diseases such as asthma. They are also used to sup- 
press the immune system after organ transplantation. 

■ Epinepbrine (adrenaline) has many uses, including stimu- 
lation of the heart muscle when rapid response is 
required; treatment of asthmatie attaeks by relaxation 
of the small bronehial tubes; and treatment of the acute 
allergie reaetion ealled anaphylaxis (an-ah-fi-LAK-sis). 

■ Oxytocin is used to cause uterine eontraetions and 
induce labor. 

■ Androgens , including testosterone and androsterone, are 
used in severe ehronie illness to aid tissue building and 
promote healing. 

■ Estrogen and progesterone are used as oral eontra- 
eeptives (e.g., birth eontrol pills, “the pill”). They are 
highly effeetive in preventing pregnaney. Oeeasionally, 
they give rise to unpleasant side effeets, such as nausea. 
More rarely, they cause serious eomplieations, such as 
thrombosis (blood elots) or hypertension (high blood 
pressure). These adverse side effeets are more eommon 
among women who smoke. Any woman taking birth 
eontrol pills should have a yearly medieal examination. 

In women experiencing menopause, levels of estrogen and 
progesterone begin to deeline. Thus, preparations of syn- 
thetie estrogen and progesterone, ealled bormone replaee- 
ment tberapy (HRT) or menopansal bormone tberapy 
(MHT), have been developed to treat the symptoms asso- 
eiated with this deeline and to proteet against the adverse 
ehanges—such as deereased bone density—that typieally 
occur in the years after menopause. Reeent studies on the 
most popular forms of MHT have raised questions about 
their benefits and revealed some risks assoeiated with their 
use. See Chapter 20 for more information. 


ensEPOim 



11-5 Some forms of diabetes mellitiis ean be treated with 
drugs that inerease the effeetiveness of insulin.Why 
does Beeky have to injeet insulin daily? 


Hormones and Stress 

Stress in the form of physieal injury, disease, emotional anxiety, 
and even pleasure ealls forth a speeifie physiologie response 
that involves both the nervous system and the endoerine 
system. The nervous system response, the “fight-or-flight” 
response, is mediated by parts of the brain, espeeially the 
hypothalamus, and by the sympathetie nervous system, which 
releases norepinephrine. The hypothalamus also eoordinates 
the endoerine response to stress, stiimdating the production of 
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some hormones and inhibiting the production of others. Some 
of these hormones include: 

■ Epinephrine released from the adrenal medulla faeilitates 
the fight or flight response. 

■ Cortisol released from the adrenal gland helps deal with 
the stress of starvation, inereasing nutrient availability in 
blood, and inhibiting inflammation. 

■ ADH released from the posterior pituitary promotes 
water eonservation. 

■ Growth hormone released from the anterior pituitary 
also inereases nutrient availability and helps repair dam- 
aged tissues. GH is only released in response to physieal 
stress, such as exercise. 

Stress inhibits the production of insulin in order to maximize 
nutrient availability. It also suppresses the production of thy- 
roid hormones and sex hormones, because these hormones do 
not faeilitate short-term survival. 

These stimulatory and inhibitory ehanges in hormone 
levels help the body meet stressful situations. Unchecked, 
however, they are harmful and may lead to such stress-related 
disorders as hyperglyeemia, high blood pressure, heart dis- 
ease, ulcers, insomnia, baek pain, and headaehes. Cortisol 
deereases the immune response, leaving the body more sus- 
eeptible to infeetion. 

Although no one would enjoy a life totally free of stress 
in the form of stmmlation and ehallenge, unmanaged stress, 
or “distress,” has negative physieal effeets. For this reason, 
techniques such as biofeedbaek and meditation to eontrol 
stress are useful. The simple measures of setting priorities, 
getting adequate periods of relaxation, and getting regular 
physieal exercise are important in maintaining total health. 


See the Student Resources on thePoint® for informa- 
tion on eareers in exercise and fitness. 


Effeets of Aging on the 
Endoerine System 

The ineidenee of endoerine diseases, particularly hypothyroid- 
ism and type 2 diabetes mellitus, inereases with age. In addi- 
tion, some of the ehanges assoeiated with healthy aging, such 
as loss of muscle and bone tissue, ean be linked to ehanges in 
the endoerine system. 

GH deelines, accounting for some losses in strength, 
immunity, skin thiekness, and healing. Sex hormones deeline 
during the middle-age years in both males and females. 
These ehanges eome from deereased aetivity of the gonads 
and also deereased anterior pituitary aetivity, resulting in 
deeline of gonadotropie hormone seeretion. Production of 
adrenal androgens also deelines. Deerease in bone mass 
leading to bone weakness is one result of deelining sex ste- 
roid production. MHT has shown some benefieial effeets on 
mucous membranes and bone mass, but as noted above, its 
use is eontroversial. In eontrast, the production of thyroid 
hormone, eortisol, and panereatie hormones remains rela- 
tively eonstant in healthy old age. 



CHECKPOINTS 

11-17 What organs produce eaeh of the following: 

erythropoietin, osteoealein, ANP? 

11-18 What are four hormones released in times of stress? 




A & P in Aetion Revisited 


Beeky’s New “Normal” 

Beeky made her way to the kitehen, hoping she was 
stillin time for paneakes. yy Good morning, sLeepyhead," 
greeted her mother as she handed Beeky the gLucose 
monitor and Laneet. yy How was your sLeep Last night?" 

yy Great/ y yawned Beeky as she Laneed the side of 
her finger and squeezed a tiny drop of bLood onto the 
monitor's test strip. After a few seeonds, the monitor 
beeped and dispLayed her bLood gLucose eoneentration. 
yy Tm normaL," said Beeky, haLf-expecting a wisecrack 
from her LittLe brother, but he kept on eating. 

Sinee Dr. Carter's diagnosis, Beeky had been get- 
ting used to her new yy normaL." It wasn't easy being 
diabetie. She had to be reaLLy carefuL about what she 
ate and when. She had to measure her gLucose before 


meaLs and injeet herseLf with insuLin after. Monitoring 
her gLucose wasn't too bad, but Beeky didn't think she 
wouLd ever get used to the needLes. She was aLso a 
LittLe worried about what the kids at sehooL were say- 
ing about her and her disease. One unexpected benefit 
was that Max seemed to have a newfound respeet for 
her and her abiLity to injeet herseLf. yy What a weirdo!" 
she thought as she carefuLLy poured a LittLe bit of syrup 
on her paneakes. 

During this ease, we saw that the Laek of the 
hormone insuLin had negative effeets on Beeky's 
whoLe body. In this and Later ehapters, we Learn more 
about the endoerine system's roLe in reguLating body 
functions. 
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Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the 
main topies eovered in this ehapter. 



Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


endoerine system 
hormone 


hypothalamus 
pituitary (hypophysis) 


prostaglandin 

reeeptor 


steroid 
target tissue 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

The Endoerine Glands and Their Hormones 

andr/o 

male 

An androgen is any male sex hormone. 

eortie/o 

cortex 

Adrenoeortieotropie hormone aets on the adrenal cortex. 

glye/o 

glucose, sugar 

Hyperglyeemia is high blood glucose. 

insul/o 

panereatie islet, island 

Insnlin is a hormone produced by panereatie islets. 

laet/o 

milk 

Prolaetin stimulates milk production in the breasts. 

nephr/o 

kidney 

Epinephrine (adrenaline) is seereted by the adrenal gland near the kidney. 

oxy 

sharp, acute 

Oxytocin stimulates uterine eontraetions during labor. 

ren/o 

kidney 

The adrenal glands are near (ad-) the kidneys. 

-sterone 

steroid hormone 

Testosterone is a steroid hormone from the testes. 

toe/o 

labor 

See “oxy” example. 

trop/o 

aeting on, influencing 

Testosterone is a steroid hormone from the testes. 

ur/o 

urine 

Antidimetie hormone promotes reabsorption of water in the kidneys 
and deereases excretion of urine. 

Other Hormone-Prodneing Tissnes 

natri 

sodium (L. natrinm) 

Atrial natrinretie peptide stimulates release of sodium in the urine. 

-poiesis 

making, forming 

Erythropoietin is a hormone from the kidneys that stimulates 
production of red blood eells. 


Questions for Study and Revievv 

BLIILDING LINDERSTANDING 

Fill in the Blanks 

Red blood eell production in the bone marrow is 
stimulated by the hormone_. 

The main androgen produced by the testes is_ 

A hormone produced by the heart is_. 


1. Chemical messengers seereted by the endoerine glands are 3. 

ealled_. 

2. The part of the brain that regulates pituitary gland 4. 

aetivity is the_. 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . An anterior pituitary lobe hormone 

7. An adrenal cortex hormone 

8 . A panereatie hormone 

9. A posterior pituitary lobe hormone 

10. An ovarian hormone 


a. aldosterone 

b. estrogen 
C. glucagon 

d. growth hormone 

e. oxytocin 
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Multiple Choice 

_ 11. To what do hormones bind? 

a. lipid bilayer 

b. transporters 
C. ion ehannels 
d. reeeptors 

_ 12. Which hormone promotes uterine eontraetions and 

milk ejeetion? 

a. prolaetin 

b. oxytocin 
C. estrogen 

d. luteinizing hormone 

_ 13. Choose the prineipal hormonal regulator of metabolism. 

a. thyroxine 

b. triiodothyronine 
C. aldosterone 

d. progesterone 


14. Which structure seeretes epinephrine? 

a. adrenal cortex 

b. adrenal medulla 
C. kidneys 

d. panereas 

15. Which organ regulates sleep-wake eyeles? 

a. pituitary 

b. thyroid 
C. thymus 
d. pineal 


IINDERSTANDING CONCEPTS 

16. With regard to regulation, what are the main differenees 
between the nervous system and the endoerine system? 

17. Explain how the hypothalamus and pituitary gland 
regulate eertain endoerine glands. Use the thyroid as an 
example. 

18. Name the two divisions of the pituitary gland. List the 
hormones released from eaeh division, and deseribe the 
effeets of eaeh. 

19. Compare and eontrast the following hormones: 

a. thyroxine and triiodothyronine 

b. eortisol and aldosterone 
C. insulin and glucagon 

d. testosterone and estrogen 


CONCEPTUAL THINKING 

24. In the ease study Dr. Carter noted that Beeky presented 
with the three eardinal signs of type 1 diabetes mellitus. 
What are they? What causes them? 

25. How is type 1 diabetes mellitus similar to starvation? 


20. Deseribe the anatomy of the following endoerine glands: 

a. thyroid 

b. panereas 
C. adrenals 

21. Name the hormone released by the kidneys and by the 
pineal body. What are the effeets of eaeh? 

22. List several hormones released during stress. What is the 
relationship between prolonged stress and disease? 

23. Referring to the Disseetion Atlas in Appendix 3, name all 
the endoerine glands shown and give the number of the 
figure(s) in which they appear. 


26. One consequence of deereased blood levels of thyroid 
hormone is inereased blood levels of thyroid-stimulating 
hormone (TSH). Why? 


For more questions, see the Learning Aetivities on 

thePoinf. 








Circulation and Body Defense 



CHAPTER 12 ► TheBIood 
CHAP 'ER 13 ► The Heart 

CHAP "ER ► Blood Véssels and Blood Circulation 
CHAP' "ER 15 ► The Lymphatie System and Immunity 



The ehapters in this unit discuss the systems that move materials through the body. The blood is the main 
transport medium. It circulates through the cardiovascular system, eonsisting of the heart and the blood ves- 
sels. The lymphatie system, in addition to other functions, takes up excess tissue fluid and returns it to the 
cardiovascular system. Components of the blood and the lymphatie system also partieipate in the aetivities of 
the immune system, fighting external threats from harmful mierobes and internal threats from cancerous eells. 



























Learning Ob eetives 





After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► List the functions of the bLood. p. 240 

2 ► Identify the main eomponents of 

pLasma. p. 241 

3 ► Deseribe the formation of bLood eeLLs. 

p. 242 

4 ► Name and deseribe the three types of 

formed eLements in the bLood, and give 
the functions of eaeh. p. 242 

5 ► Characterize the five types of Leukocytes. 

p. 243 

6 ► Define hemostasis, and eite three steps 

in hemostasis. p. 246 

7 ► BriefLy deseribe the steps in bLood 

eLotting. p. 246 

8 ► Define blood type, and expLain the 

reLation between bLood type and 
transfusions. p. 247 

9 ► ExpLain the basis of Rh ineompatibiLity 

and its possibLe consequences. p. 248 

ÌO^ List four possibLe reasons for 

transfusions of whoLe bLood and bLood 



eomponents. p. 248 

11 ► Identify six types of tests used to study 

bLood. p. 250 


12 ► Referring to the ease study, discuss the 

adverse effeets of bone marrow damage. 

pp. 239, 254 


13 ► Show how word parts are used to buiLd 

words reLated to the bLood (see Word 
Anatomy at the end of the ehapter). 

p. 256 


A & P 111 AetlOl Eleanor’s Bone Marroiv Failure 



Eleanor, a 52-year-old professor of anthro- 
poLogy, presented to the emergeney room of 
Large metropoLitan hospitaL with a severe 
nosebLeed. 

"I never have nosebLeeds/' she said. 
yy This takes the eake; it just won't stop. 


My Life is rimning out of my nose! 


rr 


Questioning by hospitaL staff 
reveaLed that eight years earLier she 
had surgery for breast eaneer. Physieians 
had foLLowed her eLoseLy untiL three years earLier, when she 
divoreed and moved to her current job in a new eity. 

Tm embarrassed to admit that I haven't seen a doetor 
in three years," she said. Tve just been too busy to have 
my reguLar checkups." Further questioning reveaLed noth- 
ing medieaLLy unusuaL. She mentioned, however, having feLt 
extremeLy tired in the Last few months. 

yy I seem to wear out at even the smaLLest tasks," she 
said. yy Last week I stopped for a rest on a park beneh on my 
way home. That's never been neeessary before." 

ELeanor was paLe, and her skin eontained numerous pin- 
point hemorrhages. Otherwise, her physieaL examination was 


unremarkabLe. BLood anaLysis reveaLed a marked defieieney in 
red bLood eeLLs, white bLood eeLLs, and pLateLets. Her bLood 
type was determined to be 0 positive. 

In the emergeney room, ELeanor's nose was paeked 
with eotton strips, and she was transfused with pLate- 
Lets, which stopped the nosebLeed. She was admitted to 
the hospitaL and transfused with red bLood eeLLs. Knowing 
that breast eaneer has a tendeney to spread to bones, the 
examining physieian suspected that eaneer eeLLs had taken 
over her red bone marrow, the site of bLood eeLL produc- 
tion. A bone marrow biopsy, which showed nearLy eompLete 
repLaeement of normaL bone marrow by eaneer eeLLs, eon- 
firmed his suspicion. 

ELeanor was treated with additionaL ehemotherapy but 
continued to need red bLood eeLL transfusions to maintain 
an adequate hemogLobin LeveL. She required antibiotie 
treatment on muLtipLe oeeasions to treat pneumonia, skin 
abseesses, and recurrent diarrhea. 

This ease study shows the importanee of the bone mar- 
row in producing aLL of the eeLLs found in bLood. We'LL Learn 
more about the functions of the different bLood eeLLs in this 
ehapter and foLLow up on ELeano/s ease. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Hematopoiesis 

► Web Figure: Hemostasis 

► Web Figure: Production, Circulation, and Death of Red 
Blood Cells 

► Animation: Hemostasis 

► Health Professions: Hematology Speeialist 

► Detailed ehapter Outline 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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' A LOOK BACK 


Hormones. The blood earries hormones from their sites 
of synthesis to their target organs. 


Blood is one oftbe tivo types of eireiilating eonneetive tissne 
introdneed in Gbapter 4. Tbe otber is lympb, disenssed more 
fully in Cbapter 15. Blood was mentioned in previons ebap- 
ters as a transport medinrn for bormones (Cbapter 11) and 
for snbstanees needed for mnsele eontraetion (Cbapter 7). In 
tbis ebapter ; we fnlly disenss tbe stmetme and fnnetion oftbis 
all-important body flnid. 

' lood is a life-giving fluid that brings nutrients and oxy- 
^gen to the eells and earries away waste. The heart pumps 
blood continuously through a elosed system of vessels. The 
heart and blood vessels are deseribed in Chapters 13 and 14, 
respeetively. 

Blood is elassified as a eonneetive tissue because it eon- 
sists of eells suspended in an extracellular background mate- 
rial, or matrix. However, blood differs from other eonneetive 
tissues in that its eells are not fixed in position; instead, they 
move freely in the plasma, the blood’s liquid matrix. 

Whole blood is a viscous (thiek) fluid that varies in eolor 
from bright searlet to dark red, depending on how much oxygen 
it is earrying. (It is customary in drawings to eolor blood high 
in oxygen as red and blood low in oxygen as blue.) The blood 
volume accounts for approximately 8% of total body weight. 
The actual quantity of circulating blood differs with a person’s 
size and gender; adult men have about 75 mL/kg body weight, 
while adult women have about 65 mL/kg body weight. So, a 
150-lb (68-kg) male eontains about 5.1 L (5.4 qt) of blood, and 
a 120-lb (54-kg) woman eontains about 3.5 L (3.7 qt). 

Funct ons of the Blood 

The circulating blood serves the body in three ways: transpor- 
tation, regulation, and proteetion. 


REGIILATION 

Water and most dissolved substances (except proteins) ean 

move freely between the blood and the fluid surrounding eells 

(the interstitial fluid). So, by regulating the eomposition of 

blood, the body also regulates the interstitial fluid. 

- P H. Buffers in the blood help keep the pH of body flmds 
steady at about 7.4. (The actual range of blood pH is 
7.35 to 7.45.) Reeall that pH is a measure of a solution’s 
aeidity or alkalinity. At an average pH of 7.4, blood is 
slightly alkaline (basie). 

■ Fluid balanee. The blood regulates the amount of fluid 
in the tissues by means of substances (mainly proteins) 
that maintain the proper osmotie pressure. Reeall from 
Chapter 3 that osmotie pressure is related to the eoneen- 
tration of dissolved and suspended materials in a solu- 
tion; as their eoneentration inereases, osmotie pressure 
inereases. Normal blood eoneentrations of proteins and 
eleetrolytes are neeessary to maintain normal blood vol- 
ume, as deseribed in Chapter 14. 

■ Heat. The blood transports heat that is generated in the 
muscles to other parts of the body, thus aiding in the 
regulation of body temperature. 

PR0TECTI0N 

■ Disease. The blood is important in defense against dis- 
ease. It earries the substances and eells of the imrmme 
system that proteet against pathogens. 

■ Blood loss. The blood eontains substances ealled elot- 
ting faetors that proteet against blood loss from the site 
of an injury. 



TRANSPORTATION 

■ Gases. Oxygen from inhaled air diffuses into the blood 
through thin membranes in the lungs and is earried by 
the circulation to all body tissues. Carbon dioxide, a 
waste product of cellular metabolism, is earried from the 
tissues to the lung eapillaries, where it diffuses into the 
air saes (alveoli) and is breathed out. 

■ Nutrients. The blood transports nutrients, water, vita- 
mins, and eleetrolytes to the eells. These materials enter 
the blood from the digestive system or are released into 
the blood from body reserves. 

■ Waste. The blood transports waste products from eells to 
organs that ean destroy them or eliminate them from the 
body. For example, the kidney excretes excess water, aeid, 
eleetrolytes, and urea (a nitrogen-eontaining waste) in 
urine. The liver inaetivates hormones and drugs and sends 
blood pigments and other substances into the digestive 
traet for elimination. The lungs exhale earbon dioxide. 


CHECKPOINTS 



□ i 2-1 What are four types of substances transported in the 

blood? 


12-2 What is the pH range of the blood? 


See the Student Resources on thePoinf for informa- 
tion on eareers in hematology, the study of blood. 


Blood Constituents 

The blood is divided into two main eomponents (Fig. 12-1). 
The liquid portion is the plasma. The formed elements, which 
include eells and eell fragments, ean be further divided into 
three eategories: 

■ Erythroeytes (eh-RITH-ro-sites), from erytbro , meaning 
“red,” are the red blood eells, which transport oxygen. 
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eomposition of whole blood. J J KEY POINT Pereentages show the 


Figure 12-1 


relative proportions of the different eomponents of plasma and formed elements. 


■ Leukocytes (LU-ko-sites), from leuko , meaning “white,” 
are the several types of white blood eells (WBCs), which 
proteet against infeetion. 

■ Platelets, also ealled thromboeytes (THROM-bo-sites), 
are eell fragments that partieipate in blood elotting. 

Table 12-1 summarizes information on the different types 
of formed elements. Figure 12-2 shows all the eategories of 
formed elements in a blood smear, that is, a blood sample 
spread thinly over the surface of a glass slide, as viewed under 
a mieroseope. 

BL00D PLASMA 

About 55% of the total blood volume is plasma. The plasma 
itself is 91% water. Many different substances, dissolved or 
suspended in the water, make up the other 9% by weight (see 
Fig. 12-1). The plasma eontent may vary somewhat because 
substances are removed and added as the blood circulates to 
and from the tissues. However, the body tends to maintain a 
fairly eonstant level of most substances. For example, the level 
of glucose, a simple sugar, is maintained at a remarkably eon- 
stant level of about one-tenth of 1% (0.1%) in sohition. 


After water, the next largest pereentage (about 8%) of 
material in the plasma is protein. The liver synthesizes most 
plasma proteins. They include the following: 

■ Albumin (al-BU-min), the most abundant protein in 
plasma, is important for maintaining the blood’s osmotie 
pressure. Reeall from Chapter 3 that osmotie pressure 
refleets the ability of a solution to attraet water. Albumin 
is thus neeessary to maintain normal blood volume. 

■ eiotting faetors, neeessary for preventing blood loss 
from damaged vessels, are discussed later. 

■ Antibodies, substances that eombat infeetion and are 
made by eertain WBCs involved in immmhty. 

■ Complement eonsists of a group of enzymes that partiei- 
pate in immunity (see Chapter 15). 

The remaining 1 % of the plasma eonsists of nutrients, eleetro- 
lytes, and other materials that must be transported. With regard 
to the nutrients, glucose is the prineipal earbohydrate found in 
the plasma. This simple sugar is absorbed from digested foods 
in the intestine. It ean also be released from the liver, where 
it is stored as glyeogen. Amino aeids, the products of protein 
digestion, also circulate in the plasma. Lipids constitute a 



Elements 


Formed Elements of Blood 


Number per Deseription 
meL of Blood 




Function 


Erythroeytes (red 
blood eells) 

5 million 

Tiny (7 mem diameter), bieoneave 
disks without nucleus (anuclear) 

Carry oxygen bound to hemoglobin; also 
earry some earbon dioxide and buffer 
blood 

Leukocytes (white 
blood eells) 

5,000-10,000 

Larger than red eells with prominent 
nucleus that may be segmented 
(granulocyte) or unsegmented 
(agranulocyte); vary in staining 
properties 

Aetive in immunity; loeated in blood, 
tissues, and lymphatie system 

Platelets 

150,000-450,000 

Fragments of large eells 
(megakaryoeyte) 

Hemostasis; form a platelet plug and 
start blood elotting (coagulation) 
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Platelet 


Leukocyte 


^Erythroeytes 


Figure 12-2 


Blood eells as vievved under the mieroseope. 


J _ KEY POINT All three types of formed elements are visible. 
ZOOMING IN Which eells are the most numerous in the blood? 



small pereentage of blood plasma. Lipid eomponents include 
eholesterol and fats. As lipids are not soluble in plasma, they 
eombine with proteins to form lipoproteins. The eleetrolytes 
in the plasma include sodium, potassium, calcium, magnesimn, 
ehloride, earbonate, and phosphate. These eleetrolytes have a 
variety of functions, including the formation of bone (calcium 
and phosphoms), the production of eertain hormones (such as 
iodine for the production of thyroid hormones), and mainte- 
nanee of the aeid-base balanee (such as sodium and potassium 
earbonates and phosphates present in buffers). 

Other materials transported in plasma include hor- 
mones, waste products, drugs, and dissolved gases, primarily 
oxygen and earbon dioxide. 


THE FORMED ELEMENTS 

All of the blood’s formed elements are produced in red bone 
marrow, which is loeated in the ends of long bones and in the 
inner portion of all other bones. The aneestors of all the blood 
eells are ealled hematopoietie (blood-forming) stem eells. These 
eells reproduce frequently, and their offspring differentiate into 
the different blood eell types discussed below. 

In eomparison with other eells, most blood eells are short- 
lived. The need for eonstant blood eell replaeement means that 
normal aetivity of the red bone marrow is absolutely essential 
to life. In the opening ease study, Eleanor has lost the protee- 
tive hmetions of the blood eells due to bone marrow damage. 


See the Student Resources on thePoinf for a figure 
on hematopoiesis detailing the development of all 
the formed elements and a figure on the life eyele 
of red eells. 


Erythroeytes Erythroeytes, the red blood eells (RBCs 
or red eells), measure about 7 mem (mierometers) in diam- 
eter (a mierometer is one-millionth of a meter). They are 
disk-shaped bodies with a depression on both sides. This 
bieoneave shape ereates a eentral area that is thinner than 
the edges (Fig. 12-3). Erythroeytes are different from other 
eells in that the mature form found in the circulating blood 
laeks a nucleus (is anuclear) and also laeks most of the other 
organelles eommonly found in eells. As red eells mature, 



Figure 12-3 


Red blood eells as seen under a seanning 


eleetron mieroseope. ( [j KEY POINTThis type of mieroseope 
provides a three-dimensional view of the eells, revealing their shape. 
ÍJ ZOOMING IN Why are these eells deseribed as bieoneave? 


these eomponents are lost, providing more spaee for the eells 
to earry oxygen. This vital gas is bound in the red eells to 
hemoglobin (he-mo-GLO-bin), a protein that eontains iron. 
(See Box 12-1 on the structure and function of hemoglo- 
bin.) Hemoglobin, eombined with oxygen, gives the blood 
its eharaeteristie red eolor. The more oxygen earried by the 
hemoglobin, the brighter is the blood’s red eolor. Therefore, 
the blood that goes from the lungs to the tissues is a bright 
red because it earries a great supply of oxygen; in eontrast, 
the blood that returns to the lungs is a much darker red 
because it has given up some of its oxygen to the tissues. 

Hemoglobin has two lesser functions in addition to the 
transport of oxygen. Hemoglobin ean earry hydrogen ions, 
so it aets as a buffer and plays an important role in aeid-base 
balanee (see Chapter 19). Hemoglobin also earries some ear- 
bon dioxide from the tissues to the lungs for elimination. 

Hemoglobin’s ability to earry oxygen ean be bloeked by 
earbon monoxide. This odorless and eolorless but harmful 
gas eombines with hemoglobin to form a stable compound 
that ean severely restriet the erythroeytes’ ability to earry 
oxygen. Carbon monoxide is a byproduct of the ineomplete 
burning of fuels, such as gasoline and other petroleum prod- 
ucts and eoal, wood, and other earbon-eontaining materials. 
It also occurs in eigarette smoke and automobile exhaust. 

Erythroeytes are by far the most numerous of the blood 
eells, averaging from 4.5 to 5 million per mieroliter (meL) 
of blood. (A mieroliter is one-millionth of a liter.) Because 
mature red eells have no nucleus and eannot divide or repair 
themselves, they must be replaeed eonstantly. After leav- 
ing the bone marrow, they circulate in the bloodstream for 
about 120 days before their membranes deteriorate, and they 
are destroyed by the liver and spleen. Red eell production is 
stimulated by the hormone erythropoietin (eh-rith-ro-POY- 
eh-tin) (EPO), which is released from the kidney in response 
to deereased oxygen. Constant red eell production requires 
an adequate supply of nutrients, particularly protein; the 
vitamins B 12 and folie aeid, required for the production of 
DNA; and the minerals iron and eopper for the production 
of hemoglobin. Vitamin C is also important for the proper 
absorption of iron from the small intestine. 
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A CLOSER LOOK 


Hemoglobin: Door-to-Door Oxygen Delivery 



Box 12-1 




The hemoglobin molecule is a protein 
made of four amino aeid ehains (the glo- 
bin part ofthe molecule), eaeh ofwhich holds 
an iron-eontaining heme group. Eaeh of the four 
hemes ean bind one molecule of oxygen. 

Hemoglobin allows the blood to earry much more oxy- 
gen than it could were the oxygen simply dissolved in the 
plasma. A red blood eell eontains about 250 million hemoglo- 
bins, eaeh eapable of binding four molecules of oxygen. So 
a single red blood eell ean earry about 1 billion oxygen mol- 
ecules! Hemoglobin reversibly binds oxygen, pieking it up in 
the lungs and releasing it in the body tissues.Active eells need 
more oxygen and also generate heat and aeidity.These ehang- 
ing eonditions promote the release of oxygen from hemoglo- 
bin into metabolieally aetive tissues. 

Immature red blood eells (erythroblasts) produce hemo- 
globin as they mature into erythroeytes in the red bone mar- 
row.When the liver and spleen destroy old erythroeytes, they 
breakdown the released hemoglobin.Someof its eomponents 


are reeyeled, and the remainder leaves the body as a brown 
feeal pigment ealled stereobilin. Despite some eonservation, 
dietary protein and iron are still essential to maintain hemo- 
globin supplies. 



Heme group 


Globin ehains 


Hemoglobin.This protein in red blood eells eonsists of four amino aeid 
ehains (globins),each with an oxygen-binding heme group. 


CHECKPOINTS 

12-3 What an 



main eomponents of blood? 


12-4 Next to water, what is the most abundant type of 
substance in plasma? 

□ i 2-5 Where do blood eells form? 

□ i 2-6 What type of eell gives rise to all blood eells? 

□ i 2-7 What is the main function of hemoglobin? 


Leilkoeytes The leukocytes, or white blood eells (WBCs 
or white eells), differ from the erythroeytes in appearanee, 
quantity, and function. The eells themselves are round, but 
they eontain prominent nuclei of varying shapes and sizes. 
Occurring at a eoneentration of 5,000 to 10,000/meL of 
blood, leukocytes are outnumbered by red eells by about 
700 to one. Although the red eells have a definite eolor, the 
leukocytes are eolorless and must be stained if we are to 
study them under the mieroseope. 

ypes of Leilkoeytes The different types of white 

eells are identified by their size, the shape of the nucleus, 
and the appearanee of granules in the eytoplasm when the 
eells are stained ( Table 12-1 ). The stain eommonly used 
for blood is the Wright stain, which is a mixture of dyes 
that differentiates the various blood eells. The “granules” 
in the white eells are actually lysosomes and seeretory 
vesieles. They are present in all WBCs, but they are more 
easily stained and more visible in some eells than in others. 
Leukocytes are aetive in imrmmity. As we discuss later in 
this ehapter, the relative pereentage of the different types 


of leukocytes is a valuable clue in arriving at a medieal 
diagnosis. 

The granular leukocytes, or granulocytes (GRAN-u-lo- 
sites), are so named because they show visible granules in the 
eytoplasm when stained. Eaeh has a very distinetive, highly 
segmented nucleus (see Table 12-2). The different types of 
granulocytes are named for the type of dyes they take up 
when stained. They include the following: 


■ Neutrophils (NU-tro-fils) stain with either aeidie or basie 
dyes. 

■ Eosinophils (e-o-SIN-o-fils) stain with aeidie dyes (eosin 
is one). 

■ Basophils (BA-so-fils) stain with basie dyes. 

Neutrophils are the most numerous of the white eells, eon- 
stituting approximately 60% of all circulating leukocytes. 
Because the nuclei of the neutrophils have various shapes, 
these eells are also ealled polymorphs (meaning “many 
forms”) or simply polys. Other nieknames are segs , referring 
to the segmented nucleus, and PMNs , an abbreviation of 
polymorphonuclear neutrophils. Before reaehing full matu- 
rity and beeoming segmented, a neutrophil’s nucleus looks 
like a thiek, curved band (Fig. 12-4). An inerease in the num- 
ber of these band eells (also ealled stab or staff eells) is a sign 
of infeetion and aetive neutrophil production. Eosinophils 
and basophils make up a small pereentage of the white eells 
but inerease in number during allergie reaetions. 

The agranular leukocytes, or agranulocytes, are so named 
because they laek easily visible granules (see Table 12-2). 
Their nuclei are round or curved and are not segmented. 
There are two types of agranular leukocytes: 
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Leukocytes (White Blood Cells) 


Cell Type 


Relative Deseription 
Pereentage 

(Adult) 


Function 



Neutrophils 



Nucleus 

Granules 


Erythroeyte 


54%-62% 


Eosinophils 



Erythroeyte 

Granules 

Nucleus 


l%-3% 


Stain with either aeidie or Phagoeytosis 
basie dyes; show lavender 
granules when stained 


Stain with aeidie dyes; show Allergie reaetions; 
beadlike, bright pink defense against 

granules when stained parasites 


Basophils 



Nucleus 

Granules 


less than 1% 


Stain with basie dyes; have Allergie reaetions; 
large, dark blue granules inflammatory 

that ean obscure the reaetions 

nucleus 


Lymphoeytes 

-Platelet 




Nucleus 



Erythroeyte 


25%-38% 


Monoeytes 



Erythroeyte 


Nucleus 


3%-7% 


Mature and ean multiply in 
lymphoid tissue 


Immunity (T eells 
and B eells) 


Largest of leukocytes 


Phagoeytosis 


Lymphoeytes (LIM-fo-sites) are the seeond most numer- 
ous of the white eells. Although lymphoeytes originate 
in the red bone marrow, they develop to maturity in 
lymphoid tissue and ean multiply in this tissue as well. 


They are more abundant in the lymphatie system than in 
blood (see Chapter 15). 

Monoeytes (MON-o-sites) are the largest of all white 
eells. They average about 5% of the leukocytes. 
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Nucleus 


Nucleus 



A Mature neutrophil 


B Band eell (immature neutrophil) 


Figure 12-4 


A. A mature neutrophil has a segmented nucleus. B. An immature neutrophil is 
ealled a band eell because the nucleus is shaped like a thiek, curved band. 


Flinetions Of Leukocytes Leukocytes elear the body of 

foreign material and cellular debris. Most importantly, they 
destroy pathogens that may invade the body. Neutrophils 
and monoeytes engage in phagoeytosis (fag-o-si-TO-sis), 
the engulfing of foreign matter (Fig. 12-5). Whenever patho- 
gens enter the tissues, as through a wound, phagoeytes are 
attraeted to the area. They squeeze between the eells of the 
eapillary walls and proeeed by ameboid (ah-ME-boyd), or 
ameba-like, motion to the area of infeetion where they engulf 
the invaders. Lysosomes in the eytoplasm then digest the for- 
eign organisms, and the eells eliminate the waste products. 

When foreign organisms invade, the bone marrow and 
lymphoid tissue go into emergeney production of white eells, 
and their number inereases enormously as a result. Deteetion 
of an abnormally large number of white eells in the blood is 
an indieation of infeetion. In battling pathogens, leukocytes 
themselves are often destroyed. A mixture of dead and liv- 
ing baeteria, together with dead and living leukocytes, forms 
pus. A eolleetion of pus loealized in one area is known as an 
abseess. 


When monoeytes enter the tissues, they enlarge and 
mature into maerophages (MAK-ro-faj-ez). These phagoeytie 
superstars are highly aetive in disposing of invaders and for- 
eign material. Although most circulating lymphoeytes live 
only six to eight hours, those that enter the tissues may sur- 
vive for longer periods—days, months, or even years. 

Some lymphoeytes beeome plasma eells, aetive in the 
production of circulating antibodies needed for immunity. 
The aetivities of the various white eells are further discussed 
in Chapter 15. 

Platelets Blood platelets (thromboeytes) are the smallest 
of all the formed elements (Fig. 12-6A). These tiny structures 
are not eells in themselves but rather fragments eonstantly 
released from giant bone marrow eells ealled megakaryo- 
eytes (meg-ah-KAR-e-o-sites) (see Fig. 12-6B). Platelets do 
not have nuclei or DNA, but they do eontain aetive enzymes 
and mitoehondria. The number of platelets in the circulating 
blood normally varies from 150,000 to 450,000/meL. They 
have a life span of about 10 days. 


Lysosome 


Bacterium 
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Erythroeyte 
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Figure 12-5 


Phagoeytosis.KEY POINT Phagoeytosis is the engulfìng of foreign matter by white eells. A. A phagoeytie leukocyte 
(white blood eell) squeezes through a eapillary wall in the region of an infeetion and engulfs a bacterium. B. The bacterium is enelosed in a 
vesiele and digested by a lysosome.e. A seanning eleetron mieroseope image of a phagoeyte ingesting a parasite. (j ZOOMING IN What 
type ofepithelium makes up the eapillary wall? 
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Erythroeytes 

Platelets 


A Platelets 


Platelets 



B Megakaryoeyte 


Figure 12-6 


I Platelets (thromboeytes).KEY POINT Platelets are fragments 


of larger eells A. Platelets in a blood smear. B. A megakaryoeyte releases platelets. 


Platelets are essential for the prevention of blood loss 
(hemostasis) and blood coagulation (elotting), discussed next. 
When blood eomes in eontaet with any tissue other than the 
smooth lining of the blood vessels, as in the ease of injury, the 
platelets stiek together and form a plug that seals the wound. 
The platelets then release ehemieals that partieipate in the 
formation of a elot to stop blood loss. More details on these 
reaetions follow. 


CHECKPOINTS 



□ i 2-8 What are the three types ofgranular leukocytes? What 

are the two type of agranular leukocytes? 

12-9 What is the most important function of leukocytes? 

12-10 What is the function of blood platelets? 


C7\SEP0INTS 



12-1 What explains Eleanor's pale eolor and extreme 
tiredness? 

12-2 Why was she subject to repeated infeetions? 


Hemostasis 

Hemostasis (he-mo-STA-sis) is the proeess that prevents blood 
loss from the circulation when a blood vessel is ruptured by an 
injury. Events in hemostasis include the following: 

1. Contraction of the smooth muscles in the blood vessel wall. 
The resulting reduction in the vessel’s diameter, known as 
vasoeonstrietion , reduces blood flow and loss from the 
defeet in the vessel. 

2. Formation of a platelet plug. Aetivated platelets beeome 
stieky and adhere to the defeet to form a temporary plug. 

3. Formation of a blood elot, by the proeess of coagulation 
(ko-ag-u-FA-shun). 

Onee initiated, the elotting proeess proeeeds rapidly. This 
quick response is possible because all of the substances needed 
for elotting are already present in blood but usually in their 
inaetive forms. Think of a raee ear driver at the beginning of 
the raee. They maintain a state of readiness by pressing on 
both the brake and the aeeelerator, and ean aehieve maxi- 
mum speed within a short time interval. Similarly, a balanee is 
maintained between compounds that promote elotting, known 
as procoagulants, and those that prevent elotting, known as 


anticoagulants. Under normal eonditions, the substances that 
prevent elotting (the anticoagulants) prevail. When an injury 
occurs, however, the procoagulants are aetivated, and a elot is 
formed (Fig. 12-7). 

The elotting proeess is a well-controlled series of sepa- 
rate events involving 12 different elotting faetors, eaeh des- 
ignated by a Roman numeral. Calcium ion (Ca 2+ ) is one such 
faetor. Others are released from damaged tissue and aetivated 
platelets. Still others are enzyme precursors, made in the liver 
and released into the bloodstream, which ean be aetivated in 
the elotting proeess. To manufacture these enzymes, the liver 
requires vitamin K. We obtain some of this vitamin in food 
from green vegetables and grains, but a large proportion is 
made by baeteria living symbiotieally in the large intestine. 
The final step in the elotting reaetion is the eonversion of 
a plasma protein ealled fibrinogen (fi-BRIN-o-jen) into solid 
threads of fibrin, in which blood eells are trapped to form 
the elot. The final steps involved in blood elot formation are 
deseribed below and illustrated in Figure 12-7. 

1. Substances released from damaged tissue and stieky 
platelets initiate a reaetion sequence that leads to the 
formation of an aetive enzyme ealled prothrombinase 
(pro-THROM-bih-nase). 

2. Prothrombinase eonverts prothrombin in the blood to 
thrombin. Calcium is needed for this step. 

3. Thrombin, in turn, eonverts soluble fibrinogen into insolu- 
ble fibrin. Threads of fibrin form a meshwork that entraps 
plasma and blood eells to form a elot. 

Blood elotting occurs in response to injury. Blood also elots 
when it eomes into eontaet with some surface other than the 
lining of a blood vessel, for example, a glass or plastie tube 
used for a blood speeimen. In this ease, the preliminary steps 
of elotting are somewhat different and require more time, but 
the final steps are the same as those illustrated in Figure 12-7. 
The fluid that remains after elotting has occurred is ealled 
serrnn (plural, sera). Serum eontains all the eomponents of 
blood plasma except the elotting faetors, as expressed in the 
formula: 


Plasma = serum + elotting faetors 

Several methods used to measure the body’s ability to 
coagulate blood are deseribed later in this ehapter. 
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Figure 12-7 


Blood coagulation requires a complex series of reaetions that lead to 
theformation offìbrin,an insoluble protein.Fibrin threadstrap blood 
eells to form a elot. A. Substances released from damaged tissue and 
stieky platelets initiate the preliminary steps in elotting. B. The fìnal 
coagulation reaetions lead to formation ofafìbrin clot.C. Seanning 
eleetron mierograph of blood eells trapped in fibrin.' ZOOMING IN 


What part of the word prothrombinase indieates that it is an enzyme? 
What part of the word prothrombin indieates that it is a precursor? 


See the Student Resources on Point® for a sum- 
mary diagram and an animation on hemostasis. 


CHECKPOINTS 



12-11 What is the general term for the proeess that stops 

blood loss? 

12-12 What substance in the blood forms a elot? 

12-13 How does serum differ from blood plasma? 
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12-3 What symptoms indieated that Eleanor was laeking in 
platelets? 


Blood Types 

Like all body eells, blood eells eontain substances (usually pro- 
teins) eapable of aetivating an immune response. These sub- 
stanees, known as antigens (AN-ti-jens), trigger the immune 
system to make speeialized proteins ealled antibodies that help 
destroy any eell with the offending antigen, as discussed more 
fully in Chapter 15. 

Blood eell antigens vary among individuals and beeome 
important when blood eomponents are donated from one indi- 
vidual to another in a proeess ealled a transfusion. Antibodies 
that reeognize red eell antigens are known as agglntinins , 
because they cause red eells to undergo agglutination (ah-glu-tih- 
NA-shun) (clumping). The eells then rupture and release their 
hemoglobin by a proeess ealled hemolysis (he-MOL-ih-sis). The 
resulting eondition is dangerous to a patient who has reeeived 
ineompatible blood. There are many types of red blood eell anti- 
gens, but only two groups are particularly likely to cause a trans- 
fusion reaetion: the so-ealled A and B antigens and the Rh faetor. 


THE ABO BLOOD TYPE GR0UP 

There are four blood types involving the A and B antigens: A, 
B, AB, and O ( Table 12-2 ). These letters indieate the type of 
antigen present on the red eells. If only the A antigen is present, 
the person has type A blood; if only the B antigen is present, he 
or she has type B blood. Type AB red eells have both antigens, 
and type O blood has neither. Of course, no one has antibodies 
to his or her own blood type antigens, or their plasma would 
destroy their own eells. Eaeh person does, however, produce 
antibodies that reaet with the AB antigens he or she is laeking. 
(These antibodies are produced early in life from exposure to 
A and B antigens in the environment.) It is these antibodies in 
the patient’s plasma that ean reaet with antigens on the donor’s 
red eells to cause a transfusion reaetion. 

Testing for Blood Type Blood type ean be tested using 

blood sera eontaining antibodies to the A or B antigens. These 
antisera are prepared in animals using either the A or the B 
antigens to induce a response. Blood serum eontaining anti- 
bodies that reeognize the A antigen is ealled anti-A serum; 
blood serum eontaining antibodies that reeognize the B antigen 
is ealled anti-B serum. When eombined with a blood sample 
in the laboratory, eaeh antisemm causes the eorresponding red 
eells to agglutinate. The blood’s agglutination pattern when 
mixed with these two sera one at a time reveals its blood type 
(Fig. 12-8). Type A reaets with anti-A serum only; type B reaets 
with anti-B serum only. Type AB agglutinates with both, and 
type O agglutinates with neither A nor B. 
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The ABO Blood Group System 


Blood 

Type 


Red Blood 
Cell Antigen 


Reaets with 
Antisemm 


Plasma 

Antibodies 


Can Take 
From 


Can Donate 
To 


A 

A 

Anti-A 

Anti-B 

A, 0 

A, AB 

B 

B 

Anti-B 

Anti-A 

B, 0 

B, AB 

AB 

A, B 

Anti-A, Anti-B 

None 

AB, A, B, 0 

AB 

0 

None 

None 

Anti-A, Anti-B 

0 

0, A, B, AB 



Blood eompatibili Heredity determines a person’s 
blood type, and the pereentage of people with eaeh of the 
different blood types varies in different populations. For 
example, about 45% of the white population of the IJnited 
States have type O blood, 40% have A, 11% have B, and 
only 4% have AB. The pereentages vary within other popu- 
lation groups. 

In an emergeney, type O blood ean be given to any 
ABO type because the eells laek both A and B antigens 
and will not reaet with either A or B antibodies (see 
Table 12-3). People with type O blood are ealled imiversal 
donors. Conversely, type AB blood eontains no antibodies 
to agglutinate red eells, and people with this blood type 
ean therefore reeeive blood from any ABO type donor. 
Those with AB blood are deseribed as nniversal reeipients. 
Whenever possible, it is safest to give the same blood type 
as the reeipient’s blood. 

THE Rh FACT0R 

More than 85% of the United States population has 
another red eell antigen group ealled the Rh faetor, named 
for R^esus monkeys, in which it was first found. Rh is also 
known as the D antigen. People with this antigen are said 
to be Rh positive; those who laek this protein are said to be 
Rh negative. If Rh-positive blood is given to an Rh-negative 
person, he or she may produce antibodies to the “foreign” 
Rh antigens. The blood of this “Rh-sensitized” person will 
then destroy any Rh-positive eells reeeived in a later transfu- 
sion. ff Remember that the Rh statns of the donated blood 
must be taken into eonsideration. Thus, O-positive blood 
could cause an ineompatibility reaetion. 

Rh ineompatibility is a potential problem in eertain 
pregnaneies (Fig. 12-9). A mother who is Rh negative may 
develop antibodies to the Rh protein of an Rh-positive fetus 
(the fetus having inherited this faetor from the father). Red 
eells from the fetus that enter the mother’s circulation dur- 
ing pregnaney and ehildbirth evoke the response. In a sub- 
sequent pregnaney with an Rh-positive fetus, some of the 
anti-Rh antibodies may pass from the mother’s blood into 
the blood of her fetus and destroy the fetus’s red eells. This 
reaetion is now prevented by administration of Rh anti- 
bodies to the mother during pregnaney and shortly after 
delivery. These preformed antibodies elear the mother’s 
circulation of Rh antigens and prevent stimulation of an 
imrmme response. 


CHECKPOINTS 



12-14 What is the term for any substance that aetivates an 

immiine response? 


12-15 What are the four ABO blood types? 

□ i 2-16 What blood faetor is assoeiated with ineompatibility 

during pregnaney? 
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12-4 Eleanor had type O positive blood.What ABO blood 
type antigens were present on her red eells? 


12-5 What blood type antibodies were in her blood plasma? 
12-6 Did she have Rh antibodies in her plasma? Explain. 


Uses of Blood and Blood 

Components 

Blood ean be paekaged and kept in blood banks for emergeneies. 
To keep the blood from elotting, a solution such as eitrate-phos- 
phate-dextrose-adenine (CPDA-1) is added. The blood may 
then be stored for up to 35 days. The blood supplies in the bank 
are dated with an expiration date to prevent the use of blood 
in which red eells may have disintegrated. Blood banks usually 
have all types of blood and blood products available. It is impor- 
tant that there be an extra supply of type O, Rh-negative blood 
because in an emergeney, this type ean be used for any patient. 
It is normal procedure, however, to test the reeipient and give 
blood of the same type. In this ehapter’s ease study, Eleanor’s 
blood was typed, and she was given red eells and platelets to 
overeome the effeets of her bone marrow failure. 

A person ean donate his or her own blood before under- 
going eleetive (planned) surgery to be used during surgery if 
needed. This praetiee eliminates the possibility of ineompat- 
ibility and of disease transfer as well. Such autologous (aw- 
TOL-o-gus) (self-originating) blood is stored in a blood bank 
only until the surgery is eompleted. 


WH0LE BL00D TRANSFUSI0NS 

The transfer of whole human blood from a healthy person to 
a patient is often a life-saving proeess. Whole blood transfu- 
sions may be used for any eondition in which there is loss of a 
large volume of blood, known as a hemorrhage (HEM-eh-rij). 
We may be familiar with the hemorrhages resulting from 
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Anti-A serum 
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external wounds, but less evident are internal hemorrhages 
resulting from ruptures in deeper vessels. Regardless of the 
cause, severe hemorrhage starves body eells of oxygen and 
nutrients. Serious meehanieal injuries, surgical operations, 
and internal injuries such as bleeding ulcers are all eommonly 
treated using whole-blood transfusions. 

Caution and careful evaluation of the need for a blood 
transfusion is the rule, however, because of the risk for 
transfusion reaetions and the possible transmission of viral 
diseases, particularly hepatitis and AIDS. (In developed coun- 
tries, careful sereening has virtually eliminated transmission 
of these vimses in donated blood.) Ideally, the eompatibility 
of donor and reeipient blood is tested prior to transfusion, 
a proeess ealled eross-matebing. Both the red eells and the 
serum are tested separately for any possible eross-reaetions 
with donor blood. This procedure is particularly important 
in individuals who have previously reeeived transfused blood. 

USE OF BLOOD C0MP0NENTS 

Blood ean be separated into its various parts, which may be 
used for different purposes. 




No aggliitination Agglutination 

(negative reaetion) (positive reaetion) 

B 


Figure 12-8 


Blood typing. (j KEY POINT Blood type ean be 


determined by mixing small volumes with antisera prepared against 
the different red eell antigens (proteins). Agglutination (clumping) 
with an antiserum indieates the presenee of the eorresponding 
antigen. A. Labels at the top of eaeh column denote the kind of 
antisemm added to the blood samples. Anti-A serum agglutinates 
red eells in type A blood, but anti-B serum does not. Anti-B serum 
agglutinates red eells in type B blood, but anti-A serum does not. 
Both sera agglutinate type AB blood eells, and neither serum 
agglutinates type O blood. B. Photographs of blood typing reaetions. 
(j ZOOMING IN Can you tell from these reaetions whether these 
eells are Rh positive or Rh negative? 


Preparation of Blood Gomponents A eommon 

method for separating the blood plasma from the formed 
elements is by use of a centrifuge (SEN-trih-fuje), a maehine 
that spins in a eirele at high speed to separate a mixture’s 
eomponents aeeording to density. When a eontainer of 
blood is spun rapidly, all the blood’s heavier formed ele- 
ments are pulled to the bottom of the eontainer. They are 
thus separated from the plasma, which is less dense. The 
formed elements may be further separated, for example, 
paeked red eells alone for the treatment of hemorrhage or 
platelets alone for the treatment of elotting disorders. 

Blood losses to the donor ean be minimized if the blood 
is removed, the desired eomponents are separated, and the 
remainder is returned to the donor. The general term for 
this procedure is hemapheresis (hem-ah-fer-E-sis) (from the 
Greek word apberesis meaning “removal”). If the plasma is 
removed and the formed elements returned to the donor, the 
procedure is ealled plasmapheresis (plas-mah-fer-E-sis). 

ses of Plasma Blood plasma alone may be given in an 
emergeney to replaee blood volume and prevent circulatory 
failure (shoek). Plasma is espeeially useful when blood typ- 
ing and the use of whole blood are not possible, such as in 
natural disasters or in emergeney rescues. Because the red 
eells have been removed from the plasma, there should be no 
ineompatibility problems. (In the rare instanees when they 
occur, they are related to high levels of blood type antibodies 
in the plasma, which could reaet with the reeipient’s blood 
eells). m In general, anyone ean reeeive plasma from anyone 
else, regardless ofblood type. Plasma separated from the eel- 
lular elements is usually further separated by ehemieal means 
into various eomponents, such as plasma protein fraetion, 
serum albumin, immune serum, and elotting faetors. 

The paekaged plasma that is currently available is 
actually plasma protein fraetion. Further separation yields 
serum albumin that is available in solutions of 5% or 25% 
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HEMOLYTIC DISEASE OFTHE NEWBORN 


Figure 12-9 


Rh ineompatibility. 


( 


KEY POINT An Rh-negative mother ean form antibodies (beeome 


sensitized) to an Rh-positive fetus's red eells when exposed to the antigen during delivery. llnless she is treated with 
RhoGAM to prevent a response, her Rh antibodies ean eross the plaeenta in a subsequent pregnaney and destroy fetal 
red eells if they are Rh positive.The result is hemolytie disease of the newborn. 



CHECKPOINT 

12-17 How is blood eommonly separated into its eomponent 

parts? 


eoneentration. In addition to its use in treatment of circula- 
tory shoek, these solutions are given when plasma proteins 
are defieient. They inerease the blood’s osmotie pressure and 
thus draw fluids baek into circulation. The use of plasma pro- 
teins and serum albumin has inereased because these blood 
eomponents ean be treated with heat to prevent transmission 
of viral diseases. 

In emergeney situations, healtheare workers may admin- 
ister fluids known as plasma expanders. These are eell-free 
isotonie solutions used to maintain blood fhfid volume to 
prevent circulatory shoek. 

Fresh plasma may be frozen and saved. Plasma frozen 
when it is less than six hours old eontains all the faetors needed 
for elotting. When frozen plasma is thawed, a white preeipi- 
tate ealled eryopreeipitate (kri-o-pre-SIP-ih-tate) forms in the 
bottom of the eontainer. Cryoprecipitate is espeeially rieh in 
fibrinogen and elotting faetors. It may be given when there is a 
speeial need for these substances. 

A portion of the plasma ealled the gamma globnlin frae- 
tion eontains antibodies produced by lymphoeytes when they 
eome in eontaet with foreign agents, such as baeteria and 


vimses. Antibodies play an important role in immunity (see 
Chapter 15). Commercially prepared immune sera are avail- 
able for administration to patients in immediate need of anti- 
bodies, such as infants born to mothers with aetive hepatitis. 
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12-7 Eleanor was treated with transfusions of red eells. What 
other blood eomponent might have been helpful? 


Blood Stiidies 

Many kinds of studies ean be done on blood, and some of 
these have beeome standard parts of a routine physieal exami- 
nation. Maehines that are able to perform several tests at the 
same time have largely replaeed manual procedures, particu- 
larly in large institutions. 
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Hematoerit. KEY POINTThe hematoerit tests the volume 


Figure 12-10 


pereentage of red eells in whole blood.The tube on the left shows a normal hematoerit. 
Abnormal hematoerit results ean indieate disease (two middle tubes) or simply 
dehydration (far right tube). 


THE HEMAT0CRIT 

The hematoerit (he-MAT-o-krit) (Het) measures how much of 
the blood volume is taken up by red eells. It refleets both the 
size and the number of eells and ean provide an estimate of the 
oxygen-carrying eapaeity of blood. 

The hematoerit is determined by spinning a blood sam- 
ple in a high-speed centrifuge for three to five minutes to 
separate the cellular elements from the plasma (Fig. 12-10). 
It is expressed as the volume of paeked red eells per unit 
volume of whole blood. For example, “hematoerit, 38%” 
in a laboratory report means that the patient has 38 mL 
red eells/dL (deeiliter; 100 mL) of blood; red eells eomprise 
38% of the total blood volume. For adult men, the normal 
range is 42% to 54%, whereas for adult women, the range 
is slightly lower, 36% to 46%. These normal ranges, like 
all normal ranges for humans, may vary depending on the 
method used and the interpretation of the results by an indi- 
vidual laboratory. Some values ehange over the course of the 
day, month (for eyeling women), and overall lifespan. Thus, 
two healthy individuals may have different test results. See 
Box 12-2 for more information about interpreting normal 
and abnormal values. 

A deereased hematoerit is eharaeteristie of hemoglobin 
defieieney, known as anemia. This disorder ean result from 
deereased RBC synthesis or inereased RBC destmetion. A 
ehronieally inereased hematoerit is known as polyeytbemia , a 
disorder of inereased blood eell production discussed shortly. 
However, an elevated hematoerit ean also refleet dehydra- 
tion, because plasma volume deereases, but the RBC volume 
remains eonstant. 

HEM0GL0BIN TESTS 

Hemoglobin earries the oxygen in blood eells, and the best 
estimate of the blood’s oxygen-carrying eapaeity is the 
hemoglobin eoneentration. New techniques ean measure the 


eoneentration direetly in a blood sample. Older techniques 
require lysing the eells to release the hemoglobin into solu- 
tion, then quantifying the eolor intensity. Hemoglobin (Hb) 
is expressed in grams per deeiliter of whole blood. Normal 
hemoglobin eoneentrations for adult males range from 14 to 
17 g/dL blood. Values for adult women are in a somewhat 
lower range, at 12 to 15 g/dL blood. The hemoglobin read- 
ing ean also be expressed as a pereentage of a given stan- 
dard, usually the average male normal of 15.6 g Hb/dL. 
Thus, a reading of 90% would mean 90% of 15.6 or 
14 g Hb/dL. A deerease in hemoglobin to below normal 
levels signifies anemia. 

Normal and abnormal types of hemoglobin ean be 
separated and measured by the proeess of eleetrophoresis 
(e-lek-tro-fo-RE-sis). In this procedure, an eleetrie current is 
passed through the liquid that eontains the hemoglobin to 
separate different eomponents based on their size. This test 
is useful in the diagnosis of siekle eell anemia and other dis- 
orders caused by abnormal types of hemoglobin. The ease 
study in Chapter 21 features a young boy with siekle eell 
anemia. 



12-8 Which of these is a likely hematoerit value for Eleanor: 
30%, 42%, or 55%? 

BL00D CELL C0UNTS 

Laboratories use automated methods for obtaining the data 
for blood counts. Visual counts are sometimes done using a 
hemoeytometer (he-mo-si-TOM-eh-ter), a ruled slide used 
to count the eells in a given volume of blood under the 
mieroseope. 

Red Gell CountS The normal red eell count varies from 
4.5 to 5.5 million eells/meL of blood. An inerease in the red 
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Reading Laboratory Test Results 


Results of medieal lab tests are reported 
in a variety of units and usually include 
a normal range for eaeh particular test. Normal ranges have 
been determined by studying many healthy individuals. 
They refleet normal variation within a population. In addition, 
results may vary somewhat depending on the type of test and 
instmmentation used. 


ANSVVER 

Step 1. Determine the person's age and gender. Referenee 
ranges for some tests differ between men and women.In some 
eases, age is also a faetor. For example, the normal range for 
eholesterol levels inereases with age.Values may be different 
for ehildren than adults. Information at the top of the page 
indieates that Eleanor is a 52-year-old woman. 


QUESTION 

Llsing the printout of seleeted blood test results in Eleanor's 
ease, list which measurements are normal and which are 
abnormal. 


LAKESIDE MEDICAL CENTER 

47 Medieal Drive Chicago, IL 60604 PHONE 312-333-3333 FAX 312-333-3323 


NAME : ELEANOR.MCKINLEY 

MR#: DBTE-333 

ACCT#: 155534243 

COLL: 12/12/2014 14:23 

DOB: 11/22/1962 

GENDER: F 

AGE: 52 

TEST 

RESULT 

REFERENCE RANGE 

UNITS 

RBC 

2.9 

[3.6-5] 

M/mcL 

WBC 

3 

[5-10] 

K/mcL 

HGB 

8.7 

[12-16] 

g/dL 

HCT 

29 

[37-47] 

% 

PLT 

30.3 

[150-450] 

K/mcL 

ALB 

3.9 

[3.8-5] 

g/dL 

Na 

103 

[101-111] 

mEq/L 

GLU 

105 

[85-105] 

mg/dL 

TCH 

132 

[120-220] 

mg/dL 


Step 2. Identify abbreviations. Printouts often use abbrevia- 
tions for the test name (in the fìrst column) and the units (in 
thefourth column).Lookup unknown abbreviations in a medi- 
eal dietionary or online. For instanee, ALB stands for albumin, 
TCH stands for total eholesterol, K stands for thousands,and IVI 
stands for millions. 

Step 3. Determine whether or not eaeh result eonforms to 
its normal range. The numbers in the third column indieate 
the lowest and highest values considered"normal,"and the see- 
ond column shows Eleanor's results. For instanee, the normal 
WBC count should be between 5 and 10 thousand/microliter of 
blood. Eleanor's value is lower than 5, so it is abnormal. Note 
that the normal spread is much larger for some measurements, 
such as platelet count,than for others, such as sodium eoneen- 
tration. Deviations would be more signifieant for parameters 
with a narrow range. 

Step 4. Summarize your findíngs. Looking at these results, it 
appears that all of Eleanor's blood eell readings are below nor- 
mal, whereas all of her measurements of substances in blood 
plasma are within the normal range. 

See the Study Guide (available separately) for a similar ques- 
tion that you ean answer yourself. 


eell count is ealled polyeythemia (pol-e-si-THE-me-ah). People 
who live at high altitudes develop polyeythemia. As discussed 
earlier, low red eell counts are usually indieative of anemia. 

white Gell CountS The leukocyte count varies from 5,000 
to 10,000 eells/meL of blood. WBC counts below 5,000 eells/ 
meL indieate bone marrow dysfunctions, including tumors or 
eell death. WBC counts above the normal range usually indi- 
eate that the body is fighting a baeterial infeetion. 

Platelet CountS It is difficult to count platelets visually 
because they are so small. Laboratories ean obtain more 


accurate counts with automated methods. These counts 
are neeessary for the evaluation of platelet loss resulting 
from some eaneer treatments and eertain diseases. The 
normal platelet count ranges from 150,000 to 450,000/ 
meL of blood, but counts may fall to 100,000 or less 
without causing serious bleeding problems. If a count is 
very low, a platelet transfusion may be given. 

THE BL00D SLIDE (SMEAR) 

In addition to the above tests, blood studies include the 
examination of a stained blood slide (see Fig. 12-2). In this 
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Counting Reticulocytes to Diagnose Disease 


As erythroeytes mature in the red bone marrovv, they go 
through a series of stages in vvhieh they lose their nucleus and 
most other organelles, maximizing the spaee available to hold 
hemoglobin. In one of the last stages of development, small 
numbers of ribosomes and some rough endoplasmie reticu- 
lum remain in the eell.These appear as a netvvork (or reticulum) 
vvhen stained. Cells at this stage are therefore ealled retieiilo- 
eytes. Reticulocytes leave the red bone marrovv and enter the 
bloodstream vvhere they beeome fully mature erythroeytes in 
about 24 to 48 hours.The average number of red eells maturing 
through the reticulocyte stage at any given time is about 1 % to 
2%. ehanges in these numbers ean be used in diagnosing eer- 
tain blood disorders. 

When erythroeytes are destroyed or lost, as from ehronie 
bleeding, red blood eell production is "stepped up"to eom- 
pensate for the loss. Greater numbers of reticulocytes are then 
released into the blood before reaehing full maturity, and 
counts inerease above normal. On the other hand, a deerease 
in the number of circulating reticulocytes suggests a problem 


vvith red blood eell production,as in eases of anemia caused by 
malnutrition or suppression of bone marrovv aetivity. 

Mature erythroeyte 




Reticulocytes 


Reticulocytes. Some ribosomes and rough ER appear as a netvvork in a 
late stage of erythroeyte development. 


procedure, a drop of blood is spread thinly and evenly over 
a glass slide, and a speeial stain (Wright) is applied to differ- 
entiate the othervvise eolorless white eells. The slide is then 
studied under the mieroseope. The red eells are examined 
for abnormalities in size, eolor, or shape and for variations 
in the pereentage of immature forms, known as reticulo- 
eytes. (See Box 12-3 to learn about reticulocytes and how 
their counts are used to diagnose disease.) The number of 
platelets is estimated. Parasites, such as the malarial organ- 
ism and others, may be found. In addition, a differential 
white count is done. This is an estimation of the pereentage 
of eaeh white eell type in the smear. Because eaeh type has 
a speeifie function, ehanges in their proportions ean be a 
valuable diagnostie aid (see Table 12-1 ). 

BLOOD CHEMISTRY TESTS 

Batteries of tests on blood serum are often done by maehine. 
The w Chem-7” test quantifies levels of four eleetrolytes 
(sodium, potassium, ehloride, and biearbonate), blood glu- 
eose, blood urea nitrogen, and ereatinine (kre-AT-in-in). 

Other tests eheek for enzymes. inereased levels of ere- 
atine kinase (CK), laetie dehydrogenase (LDH), and other 
enzymes indieate tissue damage, such as that resulting from 
heart disease. 

Blood ean be tested for amounts of lipids, such as 
eholesterol, triglyeerides (fats), and lipoproteins, or 


for amounts of plasma proteins. For example, the pres- 
enee of more than the normal amount of glucose in the 
blood indieates uncontrolled diabetes mellitus. The list of 
blood ehemistry tests is extensive and eonstantly inereas- 
ing. We may now obtain values for various hormones, 
vitamins, antibodies, and toxic or therapeutic drug 
levels. 

C0AGULATI0N STUDIES 

Before surgery and during treatment of eertain diseases, 
hemophilia, for example, it is important to know that eoag- 
ulation will take plaee within normal time limits. Because 
elotting is a complex proeess involving many reaetants, a 
delay may result from a number of different causes, includ- 
ing laek of eertain hormones, calcium, or vitamin K. The 
amounts of the various elotting faetors are measured to aid 
in the diagnosis and treatment of bleeding disorders. 

Additional tests for coagulation include tests for bleed- 
ing time, elotting time, eapillary strength, and platelet 
function. 



□ 12-18 What test measures the relative volume of red eells in 

blood? 

□ i 2-19 What are two ways of expressing hemoglobin level? 
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A & P in Aetion Revisíted 


Eleanor’s Outcome 


Nine months after Eleanor's initial visit, she was platelets to be very low. Staphylococcus aureus baete- 

brought to the emergeney room by ambuLance for ria were cultured from her bLood. At autopsy, the bone 

severe bLoody vomiting. She was paLe and confused, eavities normaLLy eontaining red marrow were fiLLed 

with a bLood pressure of 60/20 mm Hg and a heart with tumor eeLLs; LittLe normaL marrow remained. She 

rate of 140 bpm. Despite heroie efforts to save her, was aLso found to have severe baeteriaL pneumonia and 


ELeanor's heart stopped and couLd not be restarted. 
Lab studies from bLood eoLLeeted before her death 


an extensive fungaL infeetion in her esophagus. This 
had produced a Large esophageaL uLcer, which was the 


showed the counts of red and white bLood eeLLs and source of her fataL hemorrhage. 
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Chapter Wrap-Up 



Summary Ovemew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Key Terms 


The terms listed below are emphasized in this ehapter. Knowing them helps you organize and 
prioritize your learning. These and other boldfaee terms are defined in the Glossary with phonetie 
pronunciations. 


agglutination 

albumin 

antigen 

antiserum 

basophil 

centrifuge 

coagulation 


eryopreeipitate 

eosinophil 

erythroeyte 

fibrin 

hematoerit 

hematopoietie 

hemoglobin 


hemolysis 

hemostasis 

leukocyte 

lymphoeyte 

megakaryoeyte 

monoeyte 

neutrophil 


plasma 

platelet (thromboeyte) 

serum 

thrombin 

transfusion 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning 
the meanings of these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Blood Constituents 

erythr/o- 

red, red blood eell 

An erythroeyte is a red blood eell. 

hemat/o 

blood 

Hematopoietie stem eells form (-poiesis) all of the blood eells. 

hemo 

blood 

Hemoglobin is a protein that earries oxygen in the blood. 

kary/o 

nucleus 

A megakaryoeyte has a very large nucleus. 

leuk/o- 

white, eolorless 

A lenkoeyte is a white blood eell. 

lymph/o 

lymph, lymphatie 
system 

Lymphoeytes are white blood eells that circulate in the lymphatie system. 

maer/o 

large 

A maerophage takes in large amounts of foreign matter by phagoeytosis. 

mon/o 

single, one 

A monoeyte has a single, unsegmented nucleus. 

morph/o 

shape 

The nuclei of polymorphs have many shapes. 

phag/o 

eat, ingest 

Certain leukocytes take in foreign matter by the proeess of phagoeytosis. 

thromb/o 

blood elot 

A thromboeyte is a eell fragment that is aetive in blood elotting. 

Hemostasis and Coagulation 

-gen 

producing, originating 

Fibrinogen eonverts to fibrin in the formation of a blood elot. 

pro- 

before, in front of 

Prothrombinase is an enzyme (-ase) that eonverts prothrombin to thrombin. 

Blood Types 

-lysis 

loosening, dissolving, 
separating 

A reeipient’s antibodies to donated red eells ean cause hemolysis of the eells. 

Uses ofBlood and Blood Components 

ery/o 

eold 

Cryoprecipitate forms when blood plasma is frozen and then thawed. 


Questìons for Study and Review 

BUILDING UNDERSTANDING 

4. Some monoeytes enter the tissues and mature into 

phagoeytes ealled_. 

5. Erythroeytes have a life span of approximately_days. 


Fill in the Blanks 

1. The liquid portion of blood is ealled_. 

2. The aneestors of all blood eells are ealled_eells. 

3. Platelets are produced by eertain giant eells ealled_ 
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Matehing > Mateh eaeh numbered item with the most elosely related lettered item: 


_ 6 . Type A blood 

_ 7. Type B blood 

_ 8 . Type O blood 

_ 9. Type AB blood 

_ 10. Rh-positive blood 

Mnltiple Choice 

_ 11. What iron-eontaining protein transports oxygen? 

a. erythropoietin 

b. eomplement 
C. hemoglobin 
d. thrombin 

_ 12. What is the eorreet sequence for hemostasis? 

a. vessel eontraetion, plug formation, blood elot 

b. blood elot, plug formation, vessel eontraetion 
C. plug formation, blood elot, vessel eontraetion 
d. vessel eontraetion, blood elot, plug formation 


a. its plasma eontains anti-A antibody only 

b. it belongs to a universal donor 

C. only A antigen is present on its erythroeytes 

d. it belongs to a universal reeipient 

e. Rh antigens are present on its erythroeytes 

13. The hematology speeialist needs to measure the 
number of eosinophils in a blood sample. Which test 
should she conduct? 

a. hematoerit 

b. eleetrophoresis 
C. RBC count 

d. differential white blood eell count 

14. What vitamin is needed for blood elotting? 

a. vitamin A 

b. vitamin K 
C. biotin 

d. vitamin E 


(JNDERSTANDING CONCEPTS 

15. List the three main functions of blood. What is 
the average volume of circulating blood in 

the body? 

16. Compare and eontrast the following: 

a. formed elements and plasma 

b. erythroeyte and leukocyte 
C. hemorrhage and transfusion 

d. hemapheresis and plasmapheresis 

17. List four main types of proteins in blood plasma, and 
state their functions. What are some other substances 
earried in blood plasma? 

CONCEPTUAL THINKING 

23. J. Regan, a 40-year-old firefighter, has just had his annual 
physieal. He is in excellent health, but his red blood eell 
count is elevated above the normal range. How might 
Mr. Regan’s job explain his polyeythemia? 

24. Nieki has type A blood. Why ean she reeeive a transfusion 
of type A or type O blood, but not a transfusion of type B 
or type AB blood? 


18. Deseribe the structure and function of erythroeytes. State 
the normal blood eell count for erythroeytes. 

19. Construct a ehart that eompares the structure and 
function of the five types of leukocytes. State the normal 
blood eell count for leukocytes. 

20. Diagram the three final steps in blood elot formation. 

21. Name the four blood types in the ABO system. What antigens 
and antibodies (if any) are found in people with eaeh type? 

22. Is an Rh-negative fetus of an Rh-negative mother in any 
danger of HDN? Explain. 


25. List the symptoms Eleanor experienced in the opening 
ease study, and relate them to the problem with her bone 
marrow. 


For more questions, see the Learning Aetivities on 

thePoinf. 












CHAPTER 


The Heart 



Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Deseribe the three tissue Layers of the 

heart waLL. p. 260 

2 ► Deseribe the Loeation and structure of 

the pericardium, and eite its functions. 

p. 261 

3 ► Compare the functions of the right and 

Left ehambers of the heart. p. 261 

4 ► Name the vaLves at the entranee and 

exit of eaeh ventrieLe, and identify the 
function of eaeh. p. 262 

5 ► BriefLy deseribe bLood circuLation 

through the myocardium. p. 263 

6 ► BriefLy deseribe the eardiae eyeLe. p. 265 

7 ► Name and Loeate the eomponents of the 

heart's conduction system. p. 266 

8 ► ExpLain the effeets of the autonomic nervous 

system (ANS) on the heart rate. p. 267 

9 ► List and define severaL terms that 

deseribe variations in heart rates. p. 268 

10 ► ExpLain what produces eaeh of the two 

normaL heart sounds, and identify the 
usuaL cause of a murmur. p. 268 

11 ► BriefLy deseribe five methods used to 

study the heart. p. 268 

12 ► List four risk faetors for eoronary artery 

disease that eannot be modified. p. 270 

13 ► List seven risk faetors for eoronary artery 

disease that ean be modified. p. 270 

14 ► List four ehanges that may occur in the 

heart with age. p. 270 

15 ► Referring to the ease study, List the 

emergeney and surgicaL procedures 
eommonLy performed foLLowing a 
myoeardiaL infaretion, and expLain why 
they are done. pp. 259 r 271 

16 ► Show how word parts are used to buiLd 

words reLated to the heart (see Word 
Anatomy at the end of the ehapter). p. 273 


























































A & P ìn Aetion lim's Ooronary Emergeney 



The emergeney room's dispateh radio eehoed 
from the triage desk. 

"This is Medie 5 en route with 
Jim, a 58-year-oLd Caucasian maLe. 
Suspected acute myoeardiaL 
infaretion whiLe pLaying basket- 
baLL. CardiopuLmonary resuscita- 
tion was initiated on seene. Patient 
was defibriLLated in ambuLance twice. 
PortabLe eLeetroeardiography (ECG) 
indieates S-T intervaL depression 
and an inverted T wave. Patient is 
reeeiving oxygen through nasaL cannuLae. Estimated time 
of arrivaL (ETA) approximateLy 10 minutes." 

When Jim arrived at the ER, the emergeney team 
rushed to stabiLize him. A trauma nurse measured his vitaL 
signs—he showed high bLood pressure (hypertension) and 
rapid heart rate (taehyeardia)—whiLe another inserted an 
IV needLe into his arm and pLaeed an oxygen mask over his 
nose and mouth. MeanwhiLe, a phLebotomist drew bLood 
from Jim's other arm for testing in the Lab. A eardioLogy 
teehnieian attaehed ECG Leads to his ehest and began to 




reeord his eardiae muscLe's eLeetrieaL aetivity. The emergeney 
doetor Looked at the printout from the eLeetroeardiograph 
and eonfirmed that Jim was having a heart attaek. The doe- 
tor knew that one or more of the eoronary arteries feed- 
ing Jim's heart muscLe was bLoeked with a thrombus (bLood 
eLot). He administered severaL medieations in an attempt 
to restore bLood fLow to the heart and minimize myoeardiaL 
damage. Aspirin, which prevents pLateLets from adhering to 
eaeh other, was given to inhibit the formation of any more 
thrombi. NitrogLyeerin, a potent vasodiLator, was given to 
widen Jim's eoronary arteries and thus inerease bLood fLow 
to the heart. Morphine was administered to manage his 
pain and Lower his eardiae output in order to reduce the 
heart's workLoad. FinaLLy, tissue pLasminogen aetivator was 
administered to dissoLve the thrombi present in his eoro- 
nary arteries. 

Thanks to the quick aetion of the paramedies and emer- 
geney team, Jim was resting eomfortabLy in the intensive 
eare unit a few hours after thromboLytie treatment—he was 
Lucky to be aLive! Laterin the ehapter, we wiLL visit Jim again 
and Learn how eardiae surgeons repair eoronary arteries in 
eases of infaretions. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANGLLARIES At-7ì-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance ín using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Interior View of the 
Left Atrium and Ventriele 

Web Figure: Pathway of Blood 
through the Heart 

► Web Chart: Layers of the Heart 
Wall 

► Web Chart: Layers of the 
Pericardium 


► Web Chart: ehambers of the Heart 
Web Chart: Valves of the Heart 

► Animation: Blood Circulation 

► Animation: Cardiac Cycle 

Animation: Myoeardial Blood Flow 

Health Professions: Surgical 
Teehnologist 

Detailed ehapter Outline 

Answers to Questions for Study 
and Review 

Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 

In Cbapter 4, we learned tbat eardiae nrnsele is one of tbe 
tbree types ofmiisele in tbe body. Now it is time to study tbis 
tissne and tbe organ wbere it is found—tbe beart. We will 
also see tbat, even tbougb tbe beart ean work on its own, tbe 
nervons and endoerine systems inflnenee its aetions. 

T he next two ehapters investigate how the blood delivers 
oxygen and nutrients to the eells and earries away the 
waste products of cellular metabolism. The continuous one- 
way circuit of blood through the blood vessels is known as 
circulation. The prime mover that propels blood throughout 
the body is the heart. This ehapter examines the heart’s struc- 
ture and function as a foundation for the detailed discussion 
of blood vessels that follows. 

The heart’s importanee has been reeognized for centu- 
ries. Strokes (eontraetions) of this pump average about 72 per 
minute and continue unceasingly for a lifetime. The beating 
of the heart is affeeted by the emotions, which may explain 
the frequent referenees to it in song and poetry. However, the 
heart’s vital functions and its disorders are of more praetieal 
eoneern. 

Structure of the Heart 

The heart is slightly bigger than a person’s fist. It is loeated 
between the lungs in the eenter and a bit to the left of 


the body’s midline (Fig. 13-1). It occupies most of the 
mediastimim (me-de-as-TI-num), the eentral region of the 
thorax. The heart’s apex, the pointed, inferior portion, is 
direeted toward the left. The broad, superior base, direeted 
toward the right, is the area of attaehment for the large ves- 
sels earrying blood into and out of the heart. See Disseetion 
Atlas Figure A3-8A for a photograph of the heart in posi- 
tion in the thorax. 

TISSLIE LAYERS 0F THE HEART WALL 

The heart is a hollow organ, with walls formed of three differ- 
ent layers. Just as a warm eoat might have a smooth lining, a 
thiek interlining, and an outer eovering of a third fabrie, so the 
heart wall has three tissue layers (Fig. 13-2). Starting with the 
innermost layer, these are as follows: 

1. The endocardium (en-do-KAR-de-um) is a thin, smooth 
layer of epithelial eells that lines the heart’s interior. 
The endocardium provides a smooth surface for easy 
flow as blood travels through the heart. Extensions 
of this membrane eover the flaps (cusps) of the heart 
valves. 

2. The myocardium (mi-o-KAR-de-um), the heart muscle, is 
the thiekest layer and pumps blood through the vessels. 
The eardiae muscle’s unique structure will be deseribed in 
more detail shortly. 

3. The epicardium (ep-ih-KAR-de-um) is a serous membrane 
that forms the thin, outermost layer of the heart wall. It 
is also eonsidered the viseeral layer of the pericardium, 
discussed next. 




Diaphragm Pericardium Apex of heart 


Figure 13-1 


The heart in position in the thorax (anterior view). KEY POINT The 


heart is loeated between the lungs and just superior to the diaphragm in a region known as 
the mediastinum. f „ ZOOMING IN Why is the left lung smaller than the right lung? 
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Heart wall: 



Figure 13-2 


Layers of the heart wall and pericardium. 


KEY POINTThe serous pericardium eovers the heart and lines 


the fibrous pericardium. 
wall is the thiekest? 



I 


ZOOMING IN Which layer of the heart 


THE PERICARDIUM 

The pericardium (per-ih-KAR-de-um) is the sae that eneloses 
the heart (see Fig. 13-2). The formation of the perieardial sae 
was deseribed and illustrated in Chapter 4 under the discus- 
sion of membranes (see Fig. 4-8). This sae’s outermost and 
heaviest layer is the fibrous pericardium, a eonneetive tissue 
membrane. Additional eonneetive tissue anehors this peri- 
eardial layer to the diaphragm, loeated inferiorly; to the ster- 
num, loeated anteriorly; and to other structures surrounding 
the heart, thus holding the heart in plaee. A serous membrane 
forms the inner layer of the pericardium. This membrane, 
known as the serous pericardium, eonsists of an outer, parietal 
layer that lines the fibrous pericardium and an inner, viseeral 
layer (the epicardium) that eovers the myocardium. A thin film 
of fluid between these two layers reduces frietion as the heart 
moves within the pericardium. Normally, the viseeral and pari- 
etal layers are very elose together, but fluid may accumulate in 
the region between them, the perieardial eavity, under eertain 
disease eonditions. 


SPECIAL FEATLIRES OF THE MYOCARDIUM 

Cardiac muscle eells are lightly striated (striped) based on 
alternating aetin and myosin filaments, as seen in skeletal mus- 
ele eells (see Table 7-1). Unlike skeletal muscle eells, however, 
eardiae muscle eells have a single nucleus instead of multiple 
nuclei. Also, eardiae muscle tissue is involuntarily eontrolled; 



interealated disk 
Nucleus 


Figiire 13-3 


Cardiac muscle tissue viewed under the 
mieroseope (x540). KEY POINTThe sample shows 
light striations (seethe arrovvheads), interealated disks,and 
branehing fibers ( arrovv ). 


it typieally eontraets independently of conscious thought. 
There are speeialized partitions between eardiae muscle eells 
that show faintly under a mieroseope (Fig. 13-3). These 
interealated (in-TER-eah-la-ted) disks are actually plasma 
membranes of adjaeent eells that are tightly joined together 
by speeialized membrane proteins. Other membrane proteins 
within the disks permit eleetrie impulses to travel between adja- 
eent eells. Such eleetrieal synapses, mentioned in Chapter 8, 
provide rapid and eoordinated eomimmieation between eells. 

Another feature of eardiae muscle tissue is the branehing 
of the muscle fibers (eells). These branehed fibers are interwo- 
ven so that the stimulation that causes the eontraetion of one 
fiber results in the eontraetion of a whole group. The interea- 
lated disks between the fibers and the branehing cellular net- 
works allow eardiae muscle eells to eontraet in a eoordinated 
manner for effeetive pumping. 


DIVISIONS OFTHE HEART 

Healtheare professionals often refer to the rigbt beart and the 
left beart , because the human heart is really a double pump 
(Fig. 13-4). The right side reeeives blood low in oxygen eon- 
tent that has already passed through the body and pumps it to 
the lungs through the pulmonary circuit. The left side reeeives 
highly oxygenated blood from the lungs and pumps it through- 
out the body via the systemie circuit. Eaeh side of the heart is 
divided into two ehambers. See Disseetion Atlas Figures A3-4 
and A3-5 for photographs of the human heart showing the 
ehambers and the vessels that eonneet to the heart. 

OUr ehambers The upper ehambers on the right and left 
sides, the atria (A-tre-ah), are mainly blood-reeeiving eham- 
bers (see Fig. 13-4). The lower ehambers on the right and 
left sides, the ventrieles (VEN-trih-klz), are forceful pumps. 
The ehambers, listed in the order in which blood originating 
in the body tissues flows through them, are as follows: 

1. The right atrirnn (A-tre-um) is a thin-walled ehamber that 
reeeives the blood returning from the body tissues. This 
blood, which is eomparatively low in oxygen, is earried in 



















262 Unit 4 Circulation and Body Defense 


Superior 
vena eava 


Aorta areh 


Right 

pulmonary 

artery 

(branehes) 


Aseending 

aorta 


Right 
pulmonary 
veins 





Right atrium 


Right AV 
(tricuspid) valve 


Right ventriele 


Inferior vena eava 


Blood high 
in oxygen 

Blood low 
in oxygen 


Endocardium 


Myocardium 
Epicardium 


lnterventricular 

septum 


Left pulmonary 
artery (branehes) 

Pulmonary trunk 
Pulmonary valve 


Left pulmonary 


veins 


Left atrium 
Aortie valve 


Left AV (mitral) valve 


Ohordae tendineae 


Papillary muscles 


Left ventriele 


Apex 


Figure 13-4 


The heart and great vessels. KEY POINTThe right heart has blood low in oxygen; 
the left heart has blood high in oxygen.The arrovvs show the direetion of blood flow through the heart.The 
abbreviation AV means atrioventricular." ZOOMING IN Which heart ehamber has the thiekest wall? 


veins, the blood vessels leading baek to the heart. The supe- 
rior vena eava brings blood from the head, ehest, and arms; 
the inferior vena eava delivers blood from the trunk and legs. 
A third vessel that opens into the right atrium brings blood 
from the heart muscle itself, as deseribed later in this ehapter. 

2. The right ventriele reeeives blood from the right atrium 
and pumps it to the lungs. Blood passes from the right 
ventriele into a large pulmonary trunk, which then 
divides into right and left pulmonary arteries. Branehes 
of these arteries earry blood to the lungs. An artery is 
a vessel that takes blood from the heart to the tissues. 
Note that the pulmonary arteries in Figure 13-4 are eol- 
ored blue because they are earrying blood low in oxygen, 
unlike other arteries, which earry blood high in oxygen. 

3. The left atrium reeeives oxygen-rich blood as it returns 
from the lungs in pulmonary veins. Note that the pulmo- 
nary veins in Figure 13-4 are eolored red because they are 
earrying blood high in oxygen eontent, unlike other veins, 
which earry blood low in oxygen. 

4. The left ventriele, which is the ehamber with the thiekest 
wall, pumps highly oxygenated blood to all parts of the 
body, including the lung tissues. This blood goes first into 
the aorta (a-OR-tah), the largest artery, and then into the 


branehing systemie arteries that take blood to the tissues. 
The heart’s apex, the lower pointed region, is formed by 
the wall of the left ventriele. 

The heart’s right and left ehambers are eompletely separated 
from eaeh other by partitions, eaeh of which is ealled a septrnn. 
The interatrial (in-ter-A-tre-al) septrnn separates the two atria, 
and the interventriailar (in-ter-ven-TRIK-u-lar) septum sepa- 
rates the two ventrieles. The septa, like the heart wall, eonsist 
largely of myocardium. 

Four Valves One-way valves that direet blood flow 
through the heart are loeated at the entranee and exit of eaeh 
ventriele (see Fig. 13-4 and Atlas Figure A3-5). The entranee 
valves are the atrioventricular (a-tre-o-ven-TRIK-u-lar) (AV) 
valves, so named because they are between the atria and ven- 
trieles. The exit valves are the semilunar (sem-e-LU-nar) 
valves, so named because eaeh flap of these valves resembles 
a half-moon. Eaeh valve has a speeifie name, as follows: 

■ The right atrioventricular (AV) valve is also known as the 
tricuspid (tri-KUS-pid) valve because it has three cusps, 
or flaps, that open and elose (Fig. 13-5). When this valve 
is open, blood flows freely from the right atrium into 
the right ventriele. When the right ventriele begins to 
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POSTERIOR 


A Ventricular relaxation 


B Ventricular eontraetion 


Figure 13-5 


Heart valves (superior view from posterior,atria removed). KEY POINT Valves keep blood flowing in a forward 


direetion through the heart. A. When the ventrieles are relaxed,the AV valves are open and blood flows freely from the atria to the ventrieles 
The pulmonary and aortie valves are elosed. B. When the ventrieles contract,the AV valves close,and blood pumped out of the ventrieles 
opens the pulmonary and aortie valves. f „ ZOOMING IN How many cusps does the right AV valve have?The left? 


eontraet, however, the valve is elosed by blood pressing 
against the cusps. With the valve elosed, blood eannot 
return to the right atrium but must flow forvvard into the 
pulmonary trunk. 

The left atrioventricular (AV) valve is the bicuspid valve, 
but it is eommonly referred to as the mitral (Ml-tral) 
valve (named for a miter, the pointed, two-sided hat worn 
by bishops). It has two heavy cusps that permit blood to 
flow freely from the left atrium into the left ventriele. The 
cusps elose when the left ventriele begins to eontraet; this 
closure prevents blood from returning to the left atrium 
and ensures the forward flow of blood into the aorta. 
Both the right and left AV valves are attaehed by means 
of thin fibrous threads to papillary (PAP-ih-lar-e) muscles 
arising from the walls of the ventrieles. The function of 
these threads, ealled the ehordae tendineae (KOR-de ten- 
DIN-e-e) (see Fig. 13-4), is to stabilize the valve flaps 
when the ventrieles eontraet so that the blood’s foree will 
not push the valves up into the atria. In this manner, they 
help prevent a backflow of blood when the heart beats. 

The pulmonary (PUL-mon-ar-e) valve is a semilunar 
valve loeated between the right ventriele and the pul- 
monary trunk that leads to the lungs. When the right 
ventriele relaxes, pressure in that ehamber drops. The 
higher pressure in the pulmonary artery, deseribed as 
baek pressme , eloses the valve and prevents blood from 
returning to the ventriele. 


■ The aortie (a-OR-tik) valve is a semihmar valve loeated 
between the left ventriele and the aorta. When the left 
ventriele relaxes, baek pressure eloses the aortie valve 
and prevents the backflow of blood from the aorta into 
the ventriele. 

Note that blood passes through the heart twice in making a trip 
from the heart’s right side through the pulmonary circuit to the 
lungs and baek to the heart’s left side to start on its way through 
the systemie circuit. However, it is important to bear in mind 
that the heart’s two sides function in unison to pump identieal 
volumes of blood through both circuits at the same time. 


See the Student Resources on thePoint® for eharts 
summarizing the structure of the heart and peri- 
cardium and for a detailed picture of the heart's 
interior. See also the animation “Blood Circulation” 
and a numbered diagram showing blood flow 
through the heart. 


BLOOD SLIPPLY TO THE MYOCARDIUM 

Only the endocardium eomes into eontaet with the blood that 
flows through the heart ehambers. Therefore, the myocardium 
must have its own blood vessels to provide oxygen and nour- 
ishment and to remove waste products. Together, these blood 
vessels form the eoronary (KOR-o-na-re) circulation, as shown 
in the Atlas Figure A3-4. 
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Figure 13-6 


| Blood vessels that supply the myocardium. (j KEY POINT Coronary arteries and eardiae veins constitute the heart's 


circulatory pathways. A. Anterior view. B. Posterior view. J _ ZOOMING IN What is the largest eardiae vein,and where does it lead? 


Like vessels elsewhere in the body, the eoronary arter- posterior interventricular artery). After passing through the 
ies with time undergo degenerative ehanges (known as eoro- eapillaries in the myocardium, blood drains into a system 


nary artery disease). These ehanges narrow the lumen (spaee) 
inside the vessel, reducing blood flow to the eardiae muscle. 


of eardiae veins that brings blood baek toward the right 
atrium. Blood finally eolleets in the eoronary sinus, a dilated 


Inadequate blood supply reduces the heart’s ability to eonvey vein that opens into the right atrium near the inferior vena 

eleetrieal signals and generate foree. To make matters worse, eava (see Fig. 13-6). 

the narrowing of the vessels promotes the forma- 
tion of thrombi (blood elots) that eompletely bloek 
the vessel, resulting in a heart attaek (myoeardial 
infaretion). Unless the vessel is reopened quickly, 
tissue death results in the heart region supplied by 
the bloeked vessel. In the ease study, Jim suffered 
a heart attaek. Fortunately, blood flow through 


Blood flow 


Right 

his eoronary circulation was restored before his eoronary 

artery 


heart attaek took his life. 

The main arteries that supply blood to the 

heart muscle are the right and left eoronary 

arteries (Fig. 13-6), named because they eneirele 

the heart like a crown. These arteries, which are 

the first to braneh off the aorta, arise just above 

the cusps of the aortie valve and braneh to all 

regions of the heart muscle. They reeeive blood 

only when the ventrieles relax because the aortie 

valve must be elosed to expose the entranee to 
these vessels (Fig. 13-7). The left eoronary artery A Ventricular eontraetion 


eoronary 

artery 



When the ventriele 
relaxes, backflow of 
blood eloses valve 
and causes filling of 
eoronary arteries 



To heart muscle (myocardium) 


(LCA) branehes into the circumflex artery and 
the left anterior deseending (LAD) artery (also 
known as the anterior interventricular braneh 


(aortie valve open) 


B Ventricular relaxation 
(aortie valve elosed) 


Figure 13-7 


Opening of eoronary arteries in the aortie valve (anterior 


of the LCA). The right eoronary artery (RCA) view).KEY POINT A. When the left ventriele eontraets, the aortie valve 

snakes around the heart just inferior to the right opens.The valve cusps preventfilling oftheeoronaryarteries.B.VVhentheleft 

atrium, giving off a major braneh ealled the ventriele relaxes, backflow of blood eloses the aortie valve,and the eoronary 
posterior deseending artery (also known as the arteries fill. 
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CHECKPOINTS 



13-1 What are the names of the innermost,middle,and 
outermost layers of the heart wall? 


□ 13-2 What is the name of the sae that eneloses the heart? 

13-3 What is the heart's upper reeeiving ehamber on eaeh 
side ealled? What is the lower pumping ehamber ealled? 


□ 13-4 What is the purpose of the valves in the heart? 

□ 13-5 What is the name of the system that supplies blood to 

the myocardium? 


ensEPOim 



13-1 In the ease study,Jim had a eomplete bloekage of 
his left eoronary artery. Which two arteries would no 
longer reeeive blood because of this bloekage? 


Heart Function 

Although the heart’s right and left sides are separated from 
eaeh other, they work together. A heart muscle eontraetion 
begins in the thin-walled upper ehambers, the atria, and is fol- 
lowed by a eontraetion of the thiek muscle of the lower eham- 
bers, the ventrieles. In eaeh ease, the aetive phase, ealled systole 
(SlS-to-le), is followed by a resting phase known as diastole 
(di-AS-to-le). One eomplete sequence of heart eontraetion and 
relaxation is ealled the eardiae eyele (Fig. 13-8). Eaeh eardiae 
eyele represents a single heartbeat. At rest, one eyele takes an 
average of 0.8 seeonds. 

The eardiae eyele begins with eontraetion of both atria, 
which forees blood through the AV valves into the ventri- 
eles. The atrial walls are thin, and their eontraetions are 
not very powerful. However, they do improve the heart’s 
effieieney by foreing blood into the ventrieles before these 


lower ehambers eontraet. Atrial eontraetion ends before 
ventricular eontraetion begins. Thus, atrial diastole begins 
at the same time ventricular systole begins. While the ven- 
trieles are eontraeting, foreing blood through the semilunar 
valves, the atria are relaxed and again are filling with blood 
(see Fig. 13-8). 

After the ventrieles have eontraeted, all the ehambers are 
relaxed for a short period. During this period of eomplete 
relaxation, blood enters the atria from the great veins and 
passively drains into the ventrieles. m Note tbat tbe semilunar 
valves are elosed dming atrial systole, to prevent blood from 
floiving baekivards from tbe great vessels into tbe ventrieles. 

Then, another eyele begins with an atrial eontraetion fol- 
lowed by a ventricular eontraetion. Although both upper and 
lower ehambers have a systolie and diastolie phase in eaeh ear- 
diae eyele, discussions of heart function usually refer to these 
phases as they occur in the ventrieles, because these ehambers 
eontraet more foreefiilly and drive blood into the arteries. 


CARDIAC OLITPLIT 

A unique property of heart muscle is its ability to adjust the 
strength of eontraetion to the amount of blood reeeived. When 
the heart ehamber is filled and the wall stretehed (within lim- 
its), the eontraetion is strong. As less blood enters the heart, 
eontraetions beeome less forceful. Thus, as more blood enters 
the heart, the muscle eontraets with greater strength to push 
the larger volume of blood out into the blood vessels. The 
heart’s ability to pump out all of the blood it reeeives prevents 
blood from pooling in the ehambers. 

The volume of blood pumped by eaeh ventriele in one 
minute is termed the eardiae output (CO). It is the product of 
the stroke volrnne (SV)—the volume of blood ejeeted from 



Atrial systole 

Contraction of atria pumps additional 
blood into the ventrieles. 


Ventricular systole 

Contraction of ventrieles pumps 
blood into aorta and pulmonary 
arteries. 


Complete diastole 

Atria fill with blood, which flows 
direetly into the relaxed 
ventrieles. 


The eardiae eyele. (j KEY POINT In one eardiae eyele,eontraetion of both atria is followed by eontraetion 


Figure 13-8 


of both ventrieles.The entire heart relaxes briefly before the next eardiae eyele begins.The green shading indieates that the 


ehamber is eontraeting 




ZOOMING IN When the ventrieles eontraet, what valves elose? What valves open? 
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the ventriele with eaeh beat—and the heart rate (HR)—the 
number of times the heart beats per minute. To summarize: 


See the Student Resources on thePoint for the ani- 
mations “Myoeardial Blood Flow” and “The Cardiac 
Cycle 


CO = HR x SV 

Based on a heart rate of 75 bpm and a stroke volume of 

70 mL/beat, the average eardiae output for an adult at rest is THE HEART^S C0NDUCTI0N SYSTEM 


about 5 L/min. This means that at rest, the heart pumps the 
equivalent of the total blood volume eaeh minute. But like 
many other organs, the heart has great reserves of strength. 
The eardiae reserve is a measure of how many times more 
than resting output the heart ean produce when needed. 

During mild exercise, eardiae output might double. 
During strenuous exercise, it might double again. In other 
words, for most people, the eardiae reserve is four to five 
times the resting output. This inerease is aehieved by an 
inerease in stroke volume and heart rate. In athletes exercis- 
ing vigorously, the ratio may reaeh six to seven times the 
resting volume. In eontrast, those with heart disease may 
have little or no eardiae reserve. They may be fine at rest but 
quickly beeome short of breath or fatigued when exercising 
or even when earrying out the simple tasks of daily living. 


C7\SEP0MT 



13-2 Jim reeeived morphine, which lowered his heart rate 
to 80 bpm. His stroke voliime remained eonstant at 
50 ml/beat.VVhat is his eardiae output? 


Like other muscles, the heart muscle is stimulated to eontraet 
by a wave of eleetrie energy that passes along the eells. This 
aetion potential is generated by speeialized tissue within the 
heart and spreads over structures that form the heart’s eon- 
duction system (Fig. 13-9). Two of these structures are tissue 
masses ealled nodes, and the remainder eonsists of speeialized 
fibers that braneh through the myocardium. 

The sinoatrial (SA) node is loeated in the upper wall of the 
right atrium in a small depression deseribed as a sinus. This 
node initiates the heartbeats by generating an aetion poten- 
tial at regular intervals. Because the SA node sets the rate of 
heart eontraetions, it is eommonly ealled the paeemaker. The 
seeond node, loeated in the interatrial septum at the bottom 
of the right atrium, is ealled the atrioventricular (AV) node. 

The atrioventricular (AV) bundle, also known as the 
bimdle of His , is loeated at the top of the interventricular 
septum. Fibers travel first down both sides of the interven- 
tricular septum in groups ealled the right and left bundle 
branehes. Smaller Purkinje (pur-KIN-je) fibers then travel 
in a branehing network throughout the myocardium of 


Sinoatrial 
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Internodal 

pathways 
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Atrioventricular 

node 


Atrioventricular 
bundle (bundle 
of His) 


Right and left 
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Left atrium 
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Right ventriele 
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Figure 13-9 


Conduction system of the heart. KEY POINTThe sinoatrial (SA) node, 
the atrioventricular (AV) node, and speeialized fibers conduct the eleetrie signal that stimulates 
the heart rrmsele to eontraet. ZOOMING IN What parts of the conduction system do the 
internodal pathways eonneet? 
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the ventrieles. interealated disks allow the rapid flow of 
impulses throughout the heart muscle. 

The order in which impulses travel through the heart is 
as follows: 

1. The SA generates the eleetrie impulse that begins the 
heartbeat (see Fig. 13-9). 

2. The excitation wave travels throughout the myocardium 
of eaeh atrium, causing the atria to eontraet. At the same 
time, impulses also travel direetly to the AV node by 
means of fibers in the wall of the atrium that make up the 
internodal pathways. 

3. The atrioventricular node is stirmilated. A relatively 
slower rate of conduction through the AV node allows 
time for the atria to eontraet and eomplete the filling of 
the ventrieles before the ventrieles eontraet. 

4. The excitation wave rapidly travels through the AV bun- 
dle and then throughout the ventricular walls by means of 
the bundle branehes and Purkinje fibers. The entire ven- 
tricular musculature eontraets in a wave, beginning at the 
apex and squeezing the blood upward toward the aorta 
and pulmonary artery. 

A normal heart rhythm originating at the SA node is termed a 
sinus rhythm. As a safety measure, a region of the conduction 
system other than the SA node ean generate a heartbeat if the 
SA node fails, but it does so at a slower rate. 


C0NTR0L OF THE HEART RATE 

Although the heart’s fundamental beat originates within 
the heart itself, the heart rate ean be influenced by the ner- 
vous system, hormones, and other faetors in the internal 
environment. 

The ANS modifies heart rate aeeording to ehanging body 
eonditions (Fig. 13-10). Stressors, such as excitement and exer- 
eise, aetivate the sympathetie nervous system. Sympathetie 
fibers inerease the eontraetion rate by stimulating the SA 
and AV nodes. They also inerease the eontraetion foree and 
thus the stroke volume by aeting direetly on the fibers of 
the myocardium. These aetions translate into inereased 
eardiae output. Trained athletes, for instanee, ean inerease 
their eardiae output by 10 times. Parasympathetie stimula- 
tion deereases the heart rate. The parasympathetie nerve 
that supplies the heart is the vagus nerve (eranial nerve X). 
It slows the heart rate by aeting on the SA and AV nodes 
but does not influence the stroke volume (see Fig. 13-10). 
9 Remember that the sympathetie nervons system inereases 
both the heart rate and the stroke volnme, but the parasym- 
pathetie nervons system only rednees the heart rate. 

The heart rate is also affeeted by substances circulat- 
ing in the blood, including hormones, such as epinephrine 
and thyroxine; ions, primarily K + , Na + , and Ca 2+ ; and drugs. 
Regular exercise strengthens the heart and inereases the 
amount of blood ejeeted with eaeh beat. Consequently, the 
body’s circulatory needs at rest ean be met with a lower 




Parasympathetie (vagus) nerve 
Medulla 

Spinal eord 

Sympathetie ganglion 
Sympathetie nerve 


Autonomic nervous system (ANS) regulation of the heart. (j KEY POINTThe ANS affeets the rate and foree of heart 


Figure 13-10 


eontraetions by aeting on the SA and AV nodes and the myoeardiiim itself. „ ZOOMING IN Which eranial nerve earries parasympathetie 
impiilses to the heart? 
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heart rate. Trained athletes usually have a low resting heart 
rate. 

The following variations in heart rate occur eommonly. 
Note that these variations do not neeessarily indieate disease: 

■ Bradyeardia (brad-e-KAR-de-ah) is a relatively slow 
heart rate of less than 60 bpm. During rest and sleep, 
the heart may beat less than 60 bpm, but the rate usually 
does not fall below 50 bpm. 

■ Taehyeardia (tak-e-KAR-de-ah) refers to a heart rate of 
more than 100 bpm. Taehyeardia is normal during exer- 
eise or stress, or with excessive eaffeine intake but may 
also occur with eertain disorders. 

■ Sinus arrhythmia (ah-RITH-me-ah) is a regular variation 
in heart rate caused by ehanges in the rate and depth of 
breathing. It is a normal phenomenon. 

■ Premature ventricular eontraetion (PVC), also ealled 
ventricular extrasystole , is a ventricular eontraetion 
initiated by the Purkinje fibers rather than the SA node. 
It ean be experienced as a palpitation between normal 
heartbeats or as a skipped beat. PVCs may be initiated 
by eaffeine, nieotine, or psyehologieal stresses. They are 
also eommon in people with heart disease. 

N0RMAL AND ABN0RMAL HEART S0UNDS 

The normal heart sounds are usually deseribed by the sylla- 
bles U lub” and U dup.” The first heart sound (S x ), the U lub,” 
is a longer, lower-pitched sound that occurs at the start of 
ventricular systole. It is caused by a eombination of events, 
mainly closure of the AV valves. This aetion causes vibra- 
tions in the blood passing through the valves and in the tis- 
sue surrounding the valves. The seeond heart sound (S,), 
the U dup,” is shorter and sharper. It occurs at the begin- 
ning of ventricular relaxation and is caused largely by sud- 
den closure of the semilunar valves. An abnormal sound is 
ealled a murmur and is usually due to faulty valve aetion. For 
example, if a valve fails to elose tightly and blood leaks baek, 
a murmur is heard. 

An abnormal sound caused by any structural ehange 
in the heart or the vessels eonneeted with the heart is ealled 
an organie murmur. Certain normal sounds heard while the 
heart is working may also be deseribed as murmurs, such 
as the sound heard during rapid filling of the ventrieles. To 
differentiate these from abnormal sounds, they are more 
properly ealled functional murmurs. 


CHECKPOINTS 



□ 13-6 What name is given to the eontraetion phase of the 

eardiae eyele? To the relaxation phase? 


13-7 What is eardiae output? What two faetors determine 

eardiae output? 


13-8 What is the seientifie name of the heart's paeemaker? 

□ 13-9 What system exerts the main infìuence on the rate and 

strength of heart eontraetions? 

13-10 What is a heart murmur? 


C7\SEP0MTS 



13-3 A trauma nurse measured Jim's vital signs when he 

arrived at the hospital.Vital signs include temperature, 
heart rate,blood pressure,and respiration rate.What 
part of the brain stem has vital eenters that eontrol 
heart rate and respiration rate? 

13-4 Jim had taehyeardia upon admission.Which heart rate 

would be eonsidered as taehyeardia, 160 bpm or 90 bpm? 


Heart Studies 

Experienced listeners ean gain important information about 
the heart using a stethoseope (STETH-o-skope). This relatively 
simple instrument is used to eonvey sounds from within the 
patient’s body to an examiner’s ear. 

The eleetroeardiograph (ECG or EKG) is used to reeord 
the eleetrieal aetivity of the heart as it fimetions. (The abbre- 
viation EKG eomes from the German spelling of the word.) 
This aetivity eorresponds to the depolarization and repolar- 
ization that occur during an aetion potential, as deseribed in 
Chapters 8 and 9. The ECG may reveal eertain myoeardial 
injuries. Eleetrodes (leads) plaeed on the skin surface piek up 
eleetrie aetivity, and the ECG traeing, or eleetroeardiogram, 
represents this aetivity as waves (Fig. 13-11). These waves 
are identified by consecutive letters of the alphabet. The 
P wave eorresponds to depolarization of the atria; the 
QRS wave eorresponds to depolarization of the ventrieles. 
The T wave shows ventricular repolarization, but atrial 
repolarization is hidden by the QRS wave. Cardiologists 
use ehanges in the waves and the intervals between them to 
diagnose heart damage and arrhythmias. 

Many people with heart disease undergo eatheteriza- 
tion (kath-eh-ter-i-ZA-shun). In right heart eatheterization, 



time (see) 


Ventricular depolarization 


Figure 13-11 


Normal eleetroeardìography (ECG) traeing. 


( KEY POINT Eleetrie aetivity in the myocardium produces ECG 
waves.Changes in the wave patterns indieate a disorder.The traeing 
shows one eardiae eyele. ZOOMING IN What is the length of 
the eardiae eyele shown in this diagram? 
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sent to the heart from a small instmment on the ehest surface. 
The ultrasound waves bounce off the heart and are reeorded 
as they return, showing the heart in aetion. Movement of the 
eehoes is traeed on an eleetronie instmment ealled an oseillo- 
seope and reeorded on film. (The same prineiple is employed 
by submarines to deteet ships.) The method is safe and pain- 
less, and it does not use x-rays. It provides information on the 
size and shape of heart structures, on eardiae function, and 
on possible heart defeets. 

Box 13-1 discusses a new method for repairing a dam- 
aged heart muscle. 


Coronary angiography. J w KEY POINTThe 


Figure 13-12 


eoronary vessels are imaged following administration of a dye. 

A. Coronary angiography shows narrowing in the mid-left anterior 
deseending (LAD) artery {arrow). B.The same vessel after a procedure 
to remove plaque. Note the improved blood flow through the artery. 


an extremely thin tube (eatheter) is passed through the veins 
of the right arm or right groin and then into the right side of 
the heart. This procedure gives diagnostie information and 
monitors heart fimetion. A fluoroscope (flu-OR-o-skope), 
an instmment for examining deep structures with x-rays, is 
used to show the route taken by the eatheter. In left heart 
eatheterization, a eatheter is passed through an artery in 
the left groin or arm to the heart. The tube may be passed 
through the aortie valve into the left ventriele for studies of 
pressure and volume in that ehamber. During eatheteriza- 
tion, dye ean be injeeted into the eoronary arteries to map 
vascular damage, a procedure known as eoronary angiog- 
raphy (an-je-OG-rah-fe) (Fig. 13-12). The root angi/o means 
“vessel.” 

Ultrasound eonsists of sound waves generated at a 
frequency above the human ear’s range of sensitivity. In 
eehoeardiography (ek-o-kar-de-OG-rah-fe), also known as 
ultrasound eardiograpby , high-frequency sound waves are 


CHECKPOINTS O 

13-11 What do ECG and EKG stand for? 

□ 13-12 What is the general term for using a thin tube 

threaded through a vessel for diagnosis or repair? 

□ 13-13 What techniques use a dye and x-rays to visualize the 

eoronary arteries? 


ensEPOim 



13-5 Jim's ECG in the ambulance showed an S-T interval 
depression.What event in the eardiae eyele is occurring 
during this interval? 


Maintaining Heart Health 

Earlier in this ehapter, we highlighted the disastrous eonse- 
quences of degenerative ehanges in the eoronary arteries. 
Some faetors contributing to artery disease are out of our 
eontrol. These include: 

■ Age. The risk of heart disease inereases with age. 

■ Gender. Until middle age, men have greater risk than do 
women. Women older than 50 years or past menopause 
have risk equal to that of men. 



HOT TOPICS 

Repairing the Heart with Stem Cells 



Box 13-1 




Stem eells are immature eells that have the 
potential to develop into multiple types of 
tissue.Mixed in with differentiated mature eells, 
they ean be triggered to multiply in order to regen- 
erateor repairtissue. 

In the past few years, medieal researehers have tried to 
repair damaged heart muscle with infusions of stem eells. 
These eells are taken from the bone marrow of a donor orfrom 
the patient's own heart. With modern medieal treatments, 
more patients are surviving heart attaeks. However, the tem- 
porary loss of oxygen to eardiae muscle ean produce searring 
that eventually weakens the heart. Stem eells ean help reverse 
this damage and also help strengthen a heart weakened by 
deterioration of the heart muscle or an ineffeetive valve. 

The stem eells from a donor or from a small biopsy of 
the patient's heart are grown in the laboratory and then 


injeeted into the heart itself with a eatheter, in the hope 
that they will establish themselves and repair damaged tis- 
sue. One experimental technique to keep the eells in plaee 
is to enelose them in a gel derived from algae. The risks of 
this procedure include rejeetion of donor eells and possible 
arrhythmias if the new eells don't tie in with the heart's elee- 
trieal pathways. 

So far, all patients treated in this manner are partiei- 
pants in researeh studies.Their results are eompared to those 
of patients who are treated by standard medieal praetiees. 
Some of these patients have experienced a reduction in sear 
tissue of up to 50%. But results are ineonsistent because 
of variations in both individual responses and in researeh 
methods. The goals of these studies are to determine if 
the therapy is helpful and to develop standard treatment 
techniques. 
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■ Heredity. Those with immediate family members with 
heart disease are at greater risk. 

■ Body type. In particular, the hereditary tendeney to 
deposit fat in the abdomen or on the ehest surface 
inereases risk. 

Other risk faetors for heart disease ean be reduced by modify- 

ing one’s lifestyle. These include the following: 

■ Smoking and other forms of tobaeeo use, which lead 
to spasm and hardening of the arteries. These arterial 
ehanges result in deereased blood flow and poor supply 
of oxygen and nutrients to the myocardium. 

■ Physieal inaetivity. Laek of exercise weakens the heart 
muscle and deereases the heart’s effieieney. It also 
deereases the effieieney of the skeletal muscles, which 
fiirther taxes the heart. 

■ Weight over the ideal inereases risk. 

■ Saturated fat in the diet. Elevated fat levels in the blood 
lead to bloekage of the eoronary arteries by plaque 

(Box 13-2). 

■ Hypertension damages heart muscle. Smoking eessation, 
regular physieal aetivity, a healthfid, low-sodium diet, 
and appropriate medieation, if needed, are all important 
in reducing this risk faetor. 

■ Diabetes causes damage to small blood vessels. Type 2 
diabetes ean be managed with diet, exercise, and proper 
medieation, if needed. 

■ Individuals suffering from sleep apnea, that is, people 
who frequently stop breathing for short periods when 


they sleep, have a higher risk of eoronary artery disease. 
Sleep apnea ean be treated with deviees to aid breathing 
during the night and sometimes with surgery to remove 
obstmetions of air passageways. 

Efforts to prevent heart disease should include having 
regular physieal examinations and minimizing the eontrol- 
lable risk faetors. Jim’s physieians will undoubtedly discuss 
these lifestyle ehanges with him during the course of his 
treatment. 

Effeets of Aging on 
the Heart 

There is a great deal of individual variation in the way the 
heart ages, depending on heredity, environmental faetors, dis- 
eases, and personal habits such as diet, exercise patterns, and 
tobaeeo use. However, many ehanges still eommonly occur 
with age. The heart ehambers beeome smaller, and some myo- 
eardial tissue atrophies and gets replaeed with eonneetive tissue. 
These ehanges signifieantly reduce eardiae output. The valves 
beeome less flexible, and ineomplete closure may produce an 
audible murmur. By 70 years of age, the eardiae output may 
deerease by as much as 35%. Damage within the conduction 
system ean produce abnormal rhythms, including extra beats, 
rapid atrial beats, and slowing of ventricular eontraetion rate. 
Temporary failure of the conduction system (heart bloek) ean 
cause periodie loss of consciousness. Because of the deerease in 
the heart’s reserve strength, elderly people may be less able to 
respond effieiently to physieal or emotional stress. 



CLINIC 







PERSPECTIVES 



Box 13-2 




Lipoproteins: What’s the Big DL? 


Although eholesterol has reeeived a lot of bad press in reeent 
years, it is a neeessary substance in the body. It is found in bile 
salts needed for digestion of fatsjn hormones,and in the eell's 
plasma membrane. However, high levels of eholesterol in the 
blood have been assoeiated with atheroselerosis and heart 
disease. 

It now appears that the total amount of blood eholesterol 
is not as important as the form in which it occurs. eholesterol 
is transported in the blood in eombination with other lipids 
and with protein, forming compounds ealled lipoproteins. 
These compounds are distinguished by their relative density. 
High-density lipoprotein (HDL) is eomposed of a high propor- 
tion of protein and relatively little eholesterol. HDLs remove 
eholesterol from the tissues, including the arterial walls, and 
earry it baek to the liver for reuse or disposal. In eontrast, low- 
density lipoprotein (LDL) eontains less protein and a higher 


proportion of eholesterol. LDLs earry eholesterol from the liver 
to the tissues, making it available for membrane or hormone 
synthesis. However,excess LDLs ean deposit eholesterol along 
the lining of arterial walls.Thus, high levels of HDLs (60 mg/dL 
and above) indieate effìeient removal of arterial plaques, 
whereas high levels of LDLs (130 mg/dL and above) suggest 
that arteries will beeome elogged. 

Diet is an importantfaetor in regulating lipoprotein levels. 
Saturated fatty aeids (found primarily in animal fats) raise LDL 
levels, while unsaturated fatty aeids (found in most vegetable 
oils) lower LDL levels and stimulate eholesterol excretion.Thus, 
a diet lower in saturated fat and higher in unsaturated fat may 
reduce the risk of atheroselerosis and heart disease. Other fae- 
tors that affeet lipoprotein levels include eigarette smoking, 
eaffeine, and stress,which raise LDL levels,and exercise, which 
lowers LDL levels. 
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A & P in Aetion Revisited 


Jim’s Heart Srngery 

SeveraL weeks after his heart attaek, Jim was baek 
in the hospital for his eoronary bypass surgery. Even 
though his eardioLogist had fuLLy expLained the proee- 
dure to him, Jim was stiLL nervous—in a coupLe of hours 
a surgeon wouLd LiteraLLy have Jim's heart in his hands! 

Jim was brought to the operating room and given 
generaL anesthesia. WhiLe the eardiae surgeon sawed 
through Jim's sternum, the saphenous vein was har- 
vested from Jim's Leg. Having spLit the sternum and 
retraeted the ribs, the eardiae surgeon made an inei- 
sion through the tough fibrous pericardium surround- 
ing his heart. Next, the surgeon inserted a cannuLa 
into the right atrium and another one into the aorta. 
The doetor eonneeted the cannuLae to the heart-Lung 
maehine and stopped Jim's heart from beating. Now, 
venous bLood from Jim's right atrium fLowed through 
the heart-Lung maehine where it was oxygenated 
before being pumped into his aorta. Then, the surgeon 


prepared the Left eoronary artery for bypass. He made 
a smaLL ineision through the arteriaL waLL and eare- 
fuLLy sutured the cut end of the harvested vein to the 
opening. Next, he sutured the other end of the vein 
to a smaLL opening that he made in the aorta, bypass- 
ing the occLuded portion of the eoronary artery. He 
repeated this procedure two more times in different 
parts of Jim's obstructed eoronary arteries—giving 
him a "tripLe bypass." The surgeon diseonneeted Jim 
from the heart-Lung maehine and restarted his heart. 
BLood fLowed through the vein grafts to the myoear- 
dium, bypassing the diseased parts of Jim's eoronary 
arteries. Jim's surgery was a success. 

ALthough this ehapter eoneentrates on information 
reLated to the heart, Jim's ease aLso eontains informa- 
tion about bLood vesseLs. In Chapter 14, BLood VesseLs 
and BLood CircuLation, you wiLL examine these topies 
in more detaiL. 
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Chapter Wrap-Up 


Summary Overvievv 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



- Stethoseope 

- ECG 

- Catheterization 

- Angiography 

L Eehoeardiography 




- Endocardium - Chambers 

- Myocardium Valves 
L Pericardium 



Coronary arteries 
Coronary veins 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie prommeiations. 


angiography 

arrhythmia 

atrium 

bradyeardia 

eardiae output 

eoronary 


diastole 

eehoeardiography 

eleetroeardiograph 

endocardium 

epicardium 

mediastinum 


murmur 

myocardium 

paeemaker 

pericardium 

septum 

systole 


taehyeardia 

valve 

ventriele 


Word Anatomy 


Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of these parts ean 
help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Stmetnre ofthe Heart 

eardi/o 

heart 

The myocardium is the heart muscle. 

pulmon/o 

lung 

The pnlmonary circuit earries blood to the lungs. 

Heart Fnnetion 

brady- 

slow 

Bradyeardia is a slow heart rate. 

sin/o 

sinus 

The sinoatrial node is in a spaee (sinus) in the wall of the 
right atrium. 

taehy- 

rapid 

Taehyeardia is a rapid heart rate. 

Heart Stndies 

angi/o 

vessel 

Angiography is radiographie study of vessels. 

steth/o 

ehest 

A stethoseope is used to listen to body sounds. 


Quest ons for Study and Review 


BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. The heart’s pointed inferior portion is the_. 

2. The layer of the heart wall that pumps blood is the _ 

3. The heartbeat is initiated by eleetrieal impulses from 
the 


4. The sae that eneloses the heart is the_. 

5. Any partition that separates ehambers of the heart is 

ealled a(n)_. 
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Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


_ 6. reeeives blood low in oxygen from the body 

_ 7. reeeives blood high in oxygen from the lungs 

_ 8 . sends blood low in oxygen to the lungs 

_ 9. sends blood high in oxygen to the body 

Mnltiple Choice 

_ 10. Which structural eharaeteristie promotes rapid transfer 

of eleetrieal signals between eardiae muscle eells? 

a. the striated nature of the eells 

b. branehing of the eells 

C. the abundance of mitoehondria within the eells 
d. interealated disks between the eells 

_ 11. What structure separates the upper ehambers of the 

heart? 

a. interealated disk 

b. interatrial septum 

C. interventricular septum 
d. papillary muscle 

_ 12. Which term deseribes one eomplete sequence of heart 

eontraetion and relaxation? 

a. systole 

b. diastole 

C. eardiae eyele 
d. eardiae output 

(JNDERSTANDING CONCEPTS 

16. Referring to The Body Visible at the beginning of this 
book, give the name and number of the following: 

a. two structures that keep the AV valves from opening 
into the atria 

b. the heart’s paeemaker 

C. the two vessels that earry blood into the eoronary 
circulation 

d. the vein that drains blood from the eoronary circula- 
tion and empties into the right atrium 

17. Differentiate between the terms in eaeh of the following 
pairs: 

a. serous pericardium and fibrous pericardium 

b. atrium and ventriele 

C. eoronary artery and eoronary sinus 

d. systole and diastole 

e. bradyeardia and taehyeardia 


a. right ventriele 

b. left ventriele 
C. right atrium 
d. left atrium 


13. Cardiac output is the product of which faetors? 

a. stroke volume and heart rate 

b. eardiae reserve and atrial systole 
C. heart rate and ventricular diastole 
d. stroke volume and dysrhythmia 

14. Which of the following sends impulses to the Bundle 
of His? 

a. Purkinje fibers 

b. atrioventricular bundle 
C. atrioventricular node 
d. sinoatrial node 

15. Which variation in heart rate ean be due to ehanges in 
the rate and depth of breathing? 

a. murmur 

b. ehordae tendineae 
C. sinus arrhythmia 
d. premature beat 


18. Explain the purpose of the four heart valves, and deseribe 
their structures and loeations. 

19. Traee a drop of blood from the superior vena eava to the 
lungs and then from the lungs to the aorta. 

20. Deseribe the order in which eleetrieal impulses travel 
through the heart. 

21. Compare the effeets of the sympathetie and 
parasympathetie nervous systems on heart function. 

22. List some age-related ehanges in the heart. 
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CONCEPTUAL THINKING 


23. Certain risk faetors for eoronary artery disease may have 
contributed to Jim’s heart attaek. What ean Jim do to 
lower his risk of having it happen again? What risk faetors 
is he unable to ehange? Apply your knowledge of these 
faetors to your own life or the life of someone you know. 


24. During Jim’s open heart surgery, blood passed from 
his right atrium, through a maehine, and then into his 
aorta. Name the structures that were bypassed by this 
arrangement. 


For more questions, see the Learning Aetivities on 

thePoinf. 



CHAPTER 


Blood Vessels and Blood Circulation 



Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Differentiate among the five types of 

bLood vesseLs with regard to structure 
and function. p. 278 

2 ► Compare the puLmonary and systemie 

eiremts reLative to Loeation and 
function. p. 278 

3 ► Name the four seetions of the aorta, and 

List the main branehes of eaeh seetion. 

p. 281 

4 ► Traee the pathway of bLood through the 

main arteries of the upper and Lower 
Limbs. p. 284 

5 ► Define anastomosis, eite its function, and 

give four exampLes of anastomoses. p. 284 

6 ► Compare superficiaL and deep veins, and 

give exampLes of eaeh type. p. 284 

7 ► Name the main vesseLs that drain into the 

superior and inferior venae eavae. p. 287 

8 ► Define venous sinus, and give four 

exampLes of venous sinuses. p. 287 

9 ► Deseribe the structure and function of 

the hepatie portaL system. p. 288 

10 ► ExpLain the forees that affeet exchange 

aeross the eapiLLary waLL. p. 289 

11 ► Deseribe five faetors that reguLate bLood 

fLow. p. 291 

12 ► Defi ne putse, and List six faetors that 

affeet puLse rate. p. 292 

13 ► List four faetors that affeet bLood 

pressure. p. 292 

14 ► ExpLain the roLe of baroreeeptors in 

eontroLLing bLood pressure. p. 293 

15 ► ExpLain how bLood pressure is eommonLy 

measured. p. 293 

16 ► Based on the opening ease study, 

discuss the dangers of thrombosis, and 
deseribe one approaeh to its treatment. 

pp. 277 r 295 

17 ► Show how word parts are used to buiLd 

words reLated to the bLood vesseLs and 
circuLation (see Word Anatomy at the 
end of the ehapter). p. 297 





















I feel Like I'm getting old," JoeeLyn Lamented 
to her husband, John, as they reLaxed after 
dinner. "This Left knee that I strained 
at work has been bothering me for a 
few weeks, and it doesn't seem to be 
getting miieh better. The eLastie braee 
and the anti-infLammatory drug the 
orthopedist preseribed are not 
heLping much. My Leg Looks swoL- 
Len, and the pain actuaLLy seems 


to be moving into my eaLf. 




JoeeLyn, age 52, works at a 
day eare eenter for the eLderLy and thinks she may have 
injured herseLf in working with her dients. Taking John's 
adviee to see the doetor again, she visited Dr. Rennard's 
offiee, and eonsidering her continuing pain, he ordered a 
venous uLtrasound of her Leg. 

"Get this," JoeeLyn said, in tears, as she hung up the 
phone. "The report eame baek that I have a bLood eLot in my 
Leg. The eondition might be reaLLy dangerous, and the doetor 
wants me to eome in this afternoon." 

Dr. Rennard expLained to JoeeLyn that she had a deep 
vein thrombosis, or DVT, in the popLiteaL vein behind her 
knee. She wouLd need injeetions and medieation daiLy 
untiL the eLot resoLved. He toLd her to watch for any signs 
of venous infLammation, such as pain, redness, or sweLL- 
ing in the affeeted Limb, or puLmonary emboLism, that 
is, a bLot dot breaking Loose and traveLing to her Lungs. 


Signs of this dangerous deveLopment incLude shortness of 
breath, ehest pain, cough, or fainting. 

"Your body shouLd deveLop aLternate bLood routes to 
eompensate for the dot, but we stiLL have to get rid of 
it," he expLained. 

"I reaLLy appreeiate your giving me these shots," JoeeLyn 
toLd her husband, "but you know how I hate needLes, and I 
might be a reaLLy bad patient." 

John was to give her twice-daiLy injeetions of Lovenox 
into her LateraL abdomen for 11 days. In addition, she took 
Coumadin oraLLy onee a day, adjusting the dose based on 
the drug's aetivity as measured with twice-weekLy bLood 
tests. Lovenox is a form of the anticoaguLant heparin, 
which inhibits eertain eLotting faetors, and Coumadin 
interferes with the aetion of vitamin K needed for eLotting. 
To everyone's reLief, she was abLe to stop the injeetions 
after 11 days but had to continue the Coumadin for a totaL 
of six months. She aLso required reguLar tests to be sure 
that her bLood wouLd eLot properLy if neeessary. 

"Your uLtrasound shows no bLood eLot," Dr. Rennard 
was pLeased to teLL JoeeLyn at the end of her treatment. 
"However, I highLy reeommend thatyou see a hematoLogist. 
Maybe we ean find out why this dot formed and how you 
might be abLe to prevent recurrences." 

Dr. Rennard reeognizes the dangers of a bLoekage any- 
where in the circuLatory system. In this ehapter, we'LL Learn 
about the normaL bLood routes as weLL as the physioLogy of 
eapiLLary exchanges and bLood pressure. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Capillary 
Mierograph 

Animation: Blood Circulation 
Animation: Hypertension 


► Health Professions: Vascular 
Teehnologist 

► Detailed ehapter Outline 

Answers to Questions for Study 
and Review 

Audio Pronunciation Glossary 


resources. For guidance in using this 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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W 


A LOOK BACK 


Tbe story of circulation continues witb a discussion oftbe ves- 
sels tbat earry blood away from and tben baek to tbe beart. 
In deseribing bow materials flow between tbe tissnes and tbe 
bloodstream, we retmn to disenssions of diffnsion, fìltration, 
osmosis, and osmotie pressme introdneed in Cbapter 3. 


T he blood vessels, together with the four ehambers of the 
heart, form a elosed system in which blood is earried to 
and from the tissues. Although whole blood does not leave 
the vessels, eomponents of the plasma and tissue fluids ean be 
exchanged through the walls of the tiniest vessels—the eapil- 
laries (Fig. 14-1). 

The vascular system is easier to understand if you refer 
to the appropriate illustrations in this ehapter as the vessels 
are deseribed. When this information is added to what you 
already know about the blood and the heart, a picture of the 
cardiovascular system as a whole will emerge. 


Overview of Blood Vessels 

Blood vessels may be divided into five groups, named aeeord- 
ing to the sequence of blood flow from the heart: 

1. Arteries earry blood away from the heart and toward the 
tissues. The heart’s ventrieles pump blood into the arteries 
(see Fig. 14-1). 


2. Arterioles (ar-TE-re-olz) are small subdivisions of the 
arteries (see Fig. 14-2). They divide into the eapillaries. 

3. Capillaries are tiny, thin-walled vessels that allow for 
exchanges between systems. These exchanges occur 
between the blood and the body eells and between the 
blood and the air in the lung tissues. The eapillaries eon- 
neet the arterioles and venules. 

4. Vemiles (VEN-ulz) are small vessels that reeeive blood 
from the eapillaries and begin its transport baek toward 
the heart (see Fig. 14-2). 

5. Veins are vessels formed by the merger of venules. They 
continue blood’s transport until it is returned to the heart. 


BLOOD CIRCUITS 

The vessels together may be subdivided into two groups, or 
eiroiits: pulmonary and systemie. Figure 14-1 diagrams blood 
flow through these two circuits. 

The Plllmonary Circuit The pulmonary circuit deliv- 

ers blood to the lungs, where some earbon dioxide is 
eliminated and oxygen is replenished. The pulmonary ves- 
sels that earry blood to and from the lungs include the 
following: 

1. The pulmonary trunk and its arterial branehes, which 
earry blood low in oxygen from the right ventriele to 
the lungs 


Pulmonary 


veins 




Pulmonary 

circulation 
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eapillaries 


Pulmonary 

arteries 


I 
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Right 

atrium 


Right 
ventriele 


Left 
atrium 



Left 
ventriel 


Systemie 

eapillaries 


Systemie 

circulation 


All body 
eells 




Systemie 

arteries 


Systemie 
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Oxygen-rich blood 



Pulmonary circulation 


□ Oxygen-poor blood Systemie circulation 


Figure 14-1 


The eardiovaseiilar system . { [j KEY POINT Blood flows in a elosed system with exchanges of 


material between the blood and tissues through the eapillary walls.There are two circuits, pulmonary and systemie. 
J _ ZOOMING IN Which arteries eontain oxygen-poor blood? Which veins eontain oxygen-rich blood? 
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2. The eapillaries in the lungs, through which gases, nutri- 
ents, and wastes are exchanged 

3. The pulmonary veins, which earry freshly oxygenated 
blood baek to the left atrium 

Note that the pulmonary vessels differ from those in the sys- 
temie circuit in that the pulmonary arteries earry blood that is 
low in oxygen eontent, and the pulmonary veins earry blood 
that is higb in oxygen eontent. In eontrast, the systemie arter- 
ies earry highly oxygenated blood, and the systemie veins 
earry blood that is low in oxygen. 

The Systemie Circuit The systemie (sis-TEM-ik) eir- 

cuit supplies nutrients and oxygen to all the tissues and 
earries waste materials away from the tissues for disposal. 
The systemie vessels include the following: 

1. The aorta (a-OR-tah) reeeives freshly oxygenated blood 
from the left ventriele and then branehes into the systemie 
arteries earrying blood to the tissues. 

2. The systemie eapillaries are the blood vessels through 
which materials are exchanged. 

3. The systemie veins earry blood low in oxygen baek toward 
the heart. The venous blood flows into the right atrium of 


the heart through the superior vena eava and inferior vena 
eava. 

VESSEL STRUCTURE 

The arteries have thiek walls because they must be strong 
enough to reeeive blood pumped under pressure from the 
heart’s ventrieles (Fig. 14-2). The three tunics (eoats) of the 
arteries resemble the heart’s three tissue layers. Named from 
internal to external, they are as follows: 

1. The inner tunic, a membrane of simple, squamous epi- 
thelial eells making up the endothelium (en-do-THE-le- 
um), forms a smooth surface over which the blood flows 
easily. 

2. The middle tunic, the thiekest layer, is made up of smooth 
(involuntary) muscle, which is under the eontrol of the 
autonomic nervous system. 

3. The outer tunic is made of supporting eonneetive tissue. 

Elastie tissue between the layers of the arterial wall allows 
these vessels to streteh when reeeiving blood and then return 
to their original size. This elastie foree propels blood forward 
between heartbeats, ensuring continuous blood flow. The 


Artery 


Vein 





Capillary 


Figure 14-2 


Seetions of small blood vessels. \ KEY POINT Drawings showthethickwall of an arterythe 


thin wall of a vein,and the single-layered wall of a eapillary. A valve is also shown.The arrow indieates the direetion of 
blood flow.' _ ZOOMING IN Which vessels have valves that eontrol blood flow? 
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amount of elastie tissue diminishes as the arteries braneh and 
beeome smaller. 

The small subdivisions of the arteries, the arterioles, 
have thinner walls in which there is little elastie eonneetive 
tissue but relatively more smooth muscle. The autonomic 
nervous system eontrols this involuntary muscle. The vessel 
lumens (openings) beeome narrower (eonstriet) when the 
muscle eontraets, and they widen (dilate) when the muscle 
relaxes. In this manner, the arterioles regulate the amount 
of blood that enters the various tissues at a given time. As 
discussed later, ehange in the diameter of many arterioles at 
onee alters blood pressure. 

The mieroseopie eapillaries that eonneet arterioles and 
venules reaeh a maximum diameter of 10 mem, just about 
wide enough for a blood eell to pass through. They have the 
thinnest walls of any vessels: one eell layer (see Fig. 14-2). The 
transparent eapillary walls are a continuation of the smooth 
endothelium that lines the arteries. The thinness of these walls 


allows for exchanges between the blood and the body eells 
and between the lung tissue and the outside air. The eapillary 
boundaries are the most important eenter of aetivity for the 
entire circulatory system. Their function is explained later in 
this ehapter. Capillary structure varies aeeording to function, 
as deseribed in Box 14-1. 


See the Student Resources on thePoinf to review the 
animation “Blood Circulation” and for a mierograph 
of a eapillary in eross-seetion. 


The smallest veins, the venules, are formed by the union 
of eapillaries, and their walls are only slightly thieker than 
are those of the eapillaries. As the venules merge to form 
veins, the smooth muscle in the vessel walls beeomes thieker, 
and the venules begin to acquire the additional layers found 
in the larger vessels. 



A CLOSER LOOK 


eapillaries: The Body’s Free Trade Zones 


Box 14-1 


The exchange of substances between 
body eells and the blood occurs along 
about 50,000 miles (80,000 km) of eapillaries. 

Exchange rates vary because based on their struc- 
ture,differenttypes of eapillaries vary in permeability. 

Continuous eapillaries (top) are the most eommon type 
and are found in muscle, eonneetive tissue, the lungs, and the 
eentral nervous system (CNS).These eapillaries are eomposed 
of a continuous layer of endothelial eells. Adjaeent eells are 
looselyattaehed toeaeh otherwith small openingsealled inter- 
cellular elefts between them. Although continuous eapillaries 
are the least permeable,water and small molecules ean diffuse 
easily through their walls. Large molecules, such as plasma 
proteins and blood eells, eannot. In eertain body regions like 
the CNS, adjaeent endothelial eells are joined tightly together, 
making the eapillaries impermeable to many substances 
(see Box 9-1,"The Blood-Brain Barrier," in ehapter 9). 

Fenestrated (FEN-es-tra-ted) eapillaries (middle) are much 
more permeable than are continuous eapillaries, because they 
have many holes, or fenestrations, in the endothelium (the 
word is derived from Latin meaning"window").These sievelike 
eapillaries are permeable to water and solutes as large as pep- 
tides.ln the digestive tract,fenestrated eapillaries permit rapid 
absorption of water and nutrients into the bloodstream. In the 
kidneys, they permit rapid filtration of blood plasma, the first 
step in urine formation. 

5inusoidal eapillaries (bottom) are the most permeable. In 
addition to fenestrations,they have large spaees between endo- 
thelial eellsthat allowthe exchange of water,large solutes,such 
as plasma proteins,and even blood cells.Sinusoidal eapillaries, 
also ealled sinusoids, are found in the liver and red bone mar- 
row, for example. Albumin, elotting faetors, and other proteins 
formed in the liver enter the bloodstream through sinusoidal 
eapillaries. In red bone marrow, newly formed blood eells travel 
through sinusoidal eapillary walls to join the bloodstream. 


Continuous 

eapillary 
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Types of eapillaries. (Reprinted with permission from The Massage 
Connection Anatomy and Physiology. Philadelphia, PA: Lippineott 
Williams & Wilkins,2004.) 
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Smooth muscle 


(middle tunic) 



Connective tissue 
(outer tunic) 


Figure 14-3 


Cross seetion of an artery and vein. The 


smooth muscle and eonneetive tissue of the vessels are visible 
in this photomierograph. (j ZOOMING IN Which type of 
vessel shown has a thieker wall? 


The walls of the veins have the same three layers as those 
of the arteries. However, the middle smooth muscle tunic is 
relatively thin in the veins. A vein wall is much thinner than 
is the wall of a eomparably sized artery (see Fig. 14-2). These 
vessels also have less elastie tissue between the layers, so they 
expand easily and earry blood under much lower pressure. 
Because of their thinner walls, the veins eollapse easily. Even 
a slight pressure on a vein by a tumor or other mass may 
interfere with blood flow. 

Most veins are equipped with one-way valves that per- 
mit blood to flow in only one direetion: toward the heart 
(see Fig. 14-2). Such valves are most numerous in the veins 
of the extremities. Figure 14-3 is a eross-seetion of an artery 
and a vein as seen through a mieroseope. 


CHECKPOINTS 



□ 14-1 What are the fìve types of blood vessels? 

□ 14-2 What are the two blood circuits, and what areas does 

eaeh serve? 


14-3 What type of tissue makes up the middle tunic of 
arteries and veins, and how is this tissue eontrolled? 

□ 14-4 How many eell layers make up the wall of a eapillary? 


C7\SEP0INTS 



14-1 In the ease study,Jocelyn developed a blood elot in a 
leg vein. Would the elot bloek blood flow towards the 
tissues or towards the heart? 


14-2 Clots form more readily if the inner blood vessel layer is 
rough or damaged. Name this layer. 


Systemie Arteries 

The systemie arteries begin with the aorta, the largest artery, 
which measures about 2.5 em (1 in) in diameter. This vessel 
reeeives blood from the left ventriele, aseends from the heart, 
and then arehes baek to travel downward through the body, 
branehing to all organs. 


THE AORTA AND ITS PARTS 

The aorta is a thick-walled vessel about the diameter of your 
thumb (Fig. 14-4). It is one continuous artery, but its regions 
are named as follows: 

1. The aseending aorta extends upward and slightly to the 
right from the left ventriele. It lies within the perieardial 
sae. 

2. The aortie areh curves from the right to the left and also 
extends posteriorly. 

3. The thoraeie aorta deseends just anterior to the vertebral 
column posterior to the heart in the mediastinmn. 

4. The abdominal aorta is the longest seetion of the aorta, 
beginning at the diaphragm and spanning the abdominal 
eavity. 

The thoraeie and abdominal aorta together make up the 
deseending aorta. 

Branehes of the Aseending Aorta and Aortie 

Areh The aorta’s aseending part has two branehes near the 
heart, ealled the left and rigbt eoronary arteries , which sup- 
ply the heart muscle (see Figs. 13-6 and 13-7). As noted in 
Chapter 13, these arteries form a crown around the heart’s 
base and give off branehes to all parts of the myocardium. 

The aortie areh, loeated immediately past the aseending 
aorta, gives rise to three large branehes. 

1. The first, the braehioeephalie (brak-e-o-seh-FAL-ik) 
artery, is a short vessel that supplies the arm and the 
head on the right side (see Fig. 14-4). After extending 
upward about 5 em (2 in), it divides into the right sub- 
elavian (sub-KLA-ve-an) artery, which extends under the 
right elaviele (eollar bone) and supplies the right upper 
extremity (arm) and part of the brain, and the right eom- 
mon earotid (kah-ROT-id) artery, which supplies the 
right side of the neek, head, and brain. Note that the 
braehioeephalie artery is unpaired. 

2. The seeond, the left eommon earotid artery, extends 
upward from the highest part of the aortie areh. It sup- 
plies the left side of the neek and the head. 

3. The third, the left subclavian artery, extends under the left 
elaviele and supplies the left upper extremity and part of 
the brain. This is the aortie areh’s last braneh. 


Branehes of the Deseending Aorta The thoraeie 

aorta supplies branehes to the ehest wall and esophagus 
(e-SOF-ah-gus), the bronehi (subdivisions of the traehea), 








282 Unit 4 Circulation and Body Defense 


Right eommon 
earotid artery 


Left eommon 
earotid artery 


Right siibelavian 


Left subclavian 


Braehioeephalie 


AORTIC ARCH 


ASCENDING AORTA 

Ooronary 

arteries 


THORACIC AORTA 


Celiac trunk to: 

Left gastrie artery 
Splenie artery 
Hepatie artery 


Intereostal 

arteries 


Renal 

artery 

Superior 

mesenterie 

artery 



ABDOMINAL 

AORTA 


Inferior 

mesenterie 

artery 


Common 


External iliae 


artery 

Gonadal 


Internal iliae 
artery 


The aorta and its branehes. (KEY POINT As the aorta travels from the heart through the body, 


Figure 14-4 


it branehes to all tissues. * ZOOMING IN How many braehioeephalie arteries are there? 


the lungs, and the nmseles of the ehest wall (Fig. 14-5). 
There are usually nine to 10 pairs of intereostal (in-ter-KOS- 
tal) arteries that extend between the ribs, sending branehes 
to the muscles and other structures of the ehest wall. 

The abdominal aorta has unpaired branehes extending 
anteriorly and paired branehes extending laterally. The unpaired 
vessels are large arteries that supply the abdominal viseera. The 
most important of these viseeral branehes are as follows: 

1. The eeliae (SE-le-ak) trunk is a short artery, about 1.25 
em (1/2 in) long, that subdivides into three branehes: 


the left gastrie artery goes to the stomaeh, the splenie 
(SPLEN-ik) artery goes to the spleen, and the hepatie 
(heh-PAT-ik) artery goes to the liver (see Figs. 14-4 and 
Atlas Figure A3-7). 

2. The large superior mesenterie (mes-en-TER-ik) artery ear- 
ries blood to most of the small intestine and to the first 
half of the large intestine. 

3. The much smaller inferior mesenterie artery, loeated below 
the superior mesenterie artery and near the end of the abdom- 
inal aorta, supplies the seeond half of the large intestine. 
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Prineipal systemie arteries. ZOOMING IN What large vessels braneh from the terminal aorta? 
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The abdominal aorta’s paired lateral branehes include the fol- 
lowing right and left vessels: 

1. The superior and inferior phrenie (FREN-ik) arteries sup- 
ply the diaphragm. (These are not shown in the figures.) 

2. The renal (RE-nal) arteries, the largest in this group, earry 
blood to the kidneys. 

3. The gonadal (go-NAD-al) arteries —the ovarian (o-VAR- 
e-an) arteries in females and testicular (tes-TIK-u-lar) 
arteries in males—supply the sex glands. 

4. Four pairs of lumbar (LUM-bar) arteries extend into the 
musculature of the abdominal wall. (These are not shown 
in the figures.) 

THE ILIAC ARTERIES AND THEIR 
SLJBDIVISIONS 

The abdominal aorta finally divides into two eommon iliae 
(IL-e-ak) arteries (see Fig. 14-5). These vessels, which are 
about 5 em (2 in) long, extend into the pelvis, where eaeh 
subdivides into an internal and an external iliae artery. The 
internal iliae vessels then send branehes to the pelvie organs, 
including the urinary bladder, the rectum, and reproductive 
organs other than the gonads. 

Eaeh external iliae artery continues into the thigh as the 
femoral (FEM-or-al) artery. This vessel gives rise to the deep 
femoral artery in the thigh and then beeomes the popliteal 
(pop-LIT-e-al) artery, which subdivides below the knee into 
the anterior and posterior tibial arteries, supplying the leg and 
foot. The anterior tibial artery terminates as the dorsalis pedis 
(dor-SA-lis PE-dis) at the foot. The posterior tibial artery gives 
rise to the fibular (FIB-u-lar) artery (peroneal artery) in the leg. 

ARTERIES THAT BRANCH TO THE ARM AND 
HEAD 

The subclavian (sub-KLA-ve-an) artery supplies blood to 
the arm and hand. Its first braneh, however, is the vertebral 
(VER-te-bral) artery, which passes through the transverse 
proeesses of the first six eervieal vertebrae and supplies 
blood to the posterior brain (see Fig. 14-6). The subcla- 
vian artery ehanges names as it travels through the arm and 
branehes to the forearm and hand (see Fig. 14-5). It first 
beeomes the axillary (AK-sil-ar-e) artery in the axilla (arm- 
pit). The longest part of this vessel, the braehial (BRA-ke-al) 
artery, is in the arm proper. The braehial artery subdivides 
into two branehes near the elbow: the radial artery, which 
continues down the thumb side of the forearm and wrist, 
and the ulnar artery, which extends along the medial or lit- 
tle finger side into the hand. These two arteries unite in the 
palmar arehes, which give off smaller digital arteries that 
supply the hand and fingers. 

The right and left eommon earotid arteries travel along 
either side of the traehea enelosed in a sheath with the inter- 
nal jugular vein and the vagus nerve. Just anterior to the 
angle of the mandible (lower jaw), eaeh branehes into the 
external and internal earotid arteries (Fig. 14-6). You ean 
feel the pulse of the earotid artery just anterior to the large 


sternoeleidomastoid muscle in the neek and below the jaw. 
The internal earotid artery travels into the head and branehes 
to supply the eye, the anterior portion of the brain, and 
other structures in the cranium. The external earotid artery 
branehes to the thyroid gland and to other structures in the 
head and upper part of the neek. 

Just as the larger branehes of a tree divide into limbs of 
varying sizes, so the arterial tree has a multitude of subdivi- 
sions. Hundreds of names might be included. We have men- 
tioned only some of them. 


ANASTOMOSES 

A communication between two vessels is ealled an anastomosis 
(ah-nas-to-MO-sis). By means of arterial anastomoses, blood 
reaehes vital organs by more than one route. Some examples 
of such end-artery unions are as follows: 

■ The eerebral arterial eirele (eirele of Willis) (Fig. 14-6 
and Atlas Figure A3-6) reeeives blood from the two 
internal earotid arteries and from the basilar (BAS- 
il-ar) artery, which is formed by the union of the two 
vertebral arteries. This arterial eirele lies just under the 
brain’s eenter and sends branehes to the eerebmm and 
other parts of the brain. 

■ The superficial palmar areh is formed by the union of the 
radial and ulnar arteries in the hand. It sends branehes to 
the hand and the fingers (see Fig. 14-5). 

■ The mesenterie arehes are made up of communications 
between branehes of the vessels that supply blood to the 
intestinal traet. 

■ One of several arterial arehes in the foot is the arcuate 
artery, formed by the union of the dorsalis pedis artery 
and a seeond braneh of the anterior tibial artery (the 
lateral tarsal artery). 


CHECKPOINTS 



□ 14-5 What are the siibdivisions of the aorta,the largest 

artery? 

□ 14-6 What are the three branehes of the aortie areh? 

□ 14-7 What areas are supplied by the braehioeephalie artery? 
14-8 What is an anastomosis? 


Systemie Veins 

Whereas most arteries are loeated in proteeted and rather deep 
areas of the body, many of the prineipal systemie veins are 
found near the surface (Fig. 14-7). The most important of the 
superficial veins are in the extremities and include the following: 

■ The veins on the baek of the hand and at the front of the 
elbow. Those at the elbow are often used for drawing 
blood for test purposes, as well as for intravenous injee- 
tions. The largest of this venous group are the eephalie 
(seh-FAL-ik), the basilie (bah-SIL-ik), and the median 
cubital (KU-bih-tal) veins. 
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Arteries of the neek and head. A. Arteries of the head and the neek, lateral view. B. Arteries 
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help preserve blood supply to the brain. 
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and earry the same names.Siiperfieial veins are shown in purple. ZOOMING IN How many braehioeephalie veins 
arethere? 


The saphenous (sah-FE-nus) veins of the lower extremi- 


The deep veins tend to parallel arteries and usually have 


ties, which are the body’s longest veins. The great saphe- the same names as the eorresponding arteries (see Fig. 14-7). 
nous vein begins in the foot and extends up the medial Examples of these include the femoral and the external 
side of the leg, the knee, and the thigh. It finally empties and internal iliae vessels of the lower body, and the radial, 


into the femoral vein near the groin. 


ulnar, braehial, axillary, and subclavian vessels of the upper 
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extremities. (A deep vein was involved in Joeelyn’s thrombo- 
sis in the opening ease study.) The veins of the head and the 
neek, however, have different names than the arteries. The 
two jugular (JUG-u-lar) veins on eaeh side of the neek drain 
the areas supplied by the earotid arteries (jugular is from a 
Latin word meaning “neek”). The larger of the two veins, the 
internal jugular, reeeives blood from the large veins (eranial 
venous sinuses) that drain the head and also from regions of 
the faee and neek (see Fig. 14-8). The smaller external jugu- 
lar drains the areas supplied by the external earotid artery. 
Both veins empty direetly into a subclavian vein. On eaeh 
side, the subclavian, external jugular, and internal jugular 
veins join to form a braehioeephalie vein. (Remember, there 
is only one braehioeephalie artery.) m Students often eonfnse 
tbe jugular witb tbe earotid. Remember tbat tbe former is a 
vein, and tbe latter an artery. 

THE VENAE CAVAE AND THEIR TRIBLITARIES 

Two large veins reeeive blood from the systemie vessels and 
empty direetly into the heart’s right atrium. The veins of the 
head, neek, upper extremities, and ehest all drain into the 
superior vena eava (VE-nah KA-vah). This vessel is formed 
by the union of the right and left braehioeephalie veins. The 
unpaired azygos (AZ-ih-gos) vein drains the veins of the ehest 
wall and empties into the superior vena eava just before the 


latter empties into the right atrium of the heart (see Fig. 14-7) 
(azygons is from a Greek word meaning “unpaired”). 

The inferior vena eava, which is much longer than is the 
superior vena eava, returns blood from areas below the dia- 
phragm. It begins in the lower abdomen with the union of the 
two eommon iliae veins. It then aseends along the abdomen’s 
posterior wall, through a groove in the posterior part of the 
liver, through the diaphragm, and finally through the lower 
thorax to empty into the heart’s right atrium. 

The large veins below the diaphragm may be divided 
into two groups: 

1. The right and left veins that drain paired parts and 
organs. They include the external and internal iliae veins 
from near the groin that join to form the eommon iliae 
veins; four pairs of lumbar veins from the dorsal trunk 
and from the spinal eord; the gonadal veins —the testicu- 
lar veins from the male testes and the ovarian veins from 
the female ovaries; the renal veins from the kidneys; and 
finally the large hepatie veins from the liver. For the most 
part, these vessels empty direetly into the inferior vena 
eava. The left testicular in the male and the left ovarian 
in the female empty into the left renal vein, which earries 
this blood to the inferior vena eava; these veins thus eon- 
stitute exceptions to the rule that the paired veins empty 
direetly into the vena eava. 
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Veins of the head and the neekand the eranial sinuses. 


lateral view. J KEY POINTThe eranial sinuses are spaees between the 


two layers of the dura mater. 
from the transverse sinus? 



ZOOMING IN Which vein reeeives blood 


2. Unpaired veins that drain the spleen and parts of 
the digestive traet (stomaeh and intestine) empty 
into the hepatie portal vein, discussed shortly and 
shown in Figure 14-9. Unlike other lower veins, 
which empty direetly into the inferior vena eava, the 
hepatie portal vein is part of a speeial system that 
enables blood to circulate through the liver before 
returning to the heart. This system, the hepatie por- 
tal system, will be deseribed in more detail later. 


VENOLIS SINLISES 

The word sinus means “spaee” or “hollow.” A venous 
sinus is a large ehannel that drains blood low in oxygen but 
does not have a vein’s usual tubular structure. One exam- 
ple of a venous sinus is the eoronary sinus, which reeeives 
most of the blood from the heart wall (see Fig. 13-6 in 
Chapter 13). It lies between the left atrium and the left ven- 
triele on the heart’s posterior surface and empties direetly 
into the right atrium, along with the two venae eavae. 

Other important venous sinuses are the eranial 
venous sinuses, which are spaees between the two 
layers of the dura mater. Veins from throughout the 
brain drain into these ehannels (Fig. 14-8). They also 
eolleet eerebrospinal fluid from the CNS and return it 
to the bloodstream. The largest of the eranial venous 
sinuses are the following: 

■ The superior sagittal (SAJ-ih-tal) sinus is a single 
long spaee loeated in the midline above the brain 
and in the fissure between the two eerebral hemi- 
spheres. It ends in an enlargement ealled the eon- 
fluence (KON-flu-ens) of sinuses. 
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organs earry blood to the hepatie portal vein leading to the \\ver.Arrows show the direetion 
of blood flow. 1 _ ZOOMING IN What vessel do the hepatie veins drain into? 


■ The inferior sagittal sinus parallels the superior sagittal 
sinus and merges with the straight sinus. 

■ The straight sinus reeeives blood from the inferior sag- 
ittal sinus and a large eerebral vein and flows into the 
confluence of sinuses. 

■ The two transverse sinuses, also ealled the lateral 
sinuses, begin posteriorly from the confluence of sinuses 
and then extend laterally. As eaeh sinus extends around 
the skull’s interior, it pieks up additional blood. Nearly 
all of the blood leaving the brain eventually empties 
into one of the transverse sinuses. Eaeh of these extends 
anteriorly to empty into an internal jugular vein, which 
then passes through a ehannel in the skull to continue 
downward in the neek. 

THE HEPATIC PORTAL SYSTEM 

Almost always, when blood leaves a eapillary bed, it flows 
through venules and veins direetly baek to the heart. In a 
portal system, however, blood circulates through a seeond 
eapillary bed in a seeond organ before it returns to the heart. 
Portal circulations enable all of the products of one organ 
to pass direetly to another organ. Chapter 11 deseribed the 
small loeal portal system that earries seeretions from the 


hypothalamus to the pituitary gland. A much larger portal 
system is the hepatie portal system, which earries blood from 
the abdominal organs to the liver to be proeessed before it 
returns to the heart (Fig. 14-9). 

The hepatie portal system includes the veins that drain 
blood from eapillaries in the spleen, stomaeh, panereas, and 
intestine. Instead of emptying their blood direetly into the 
inferior vena eava, they deliver it through the hepatie portal 
vein to the liver. The portal vein’s largest tributary is the supe- 
rior mesenterie vein, which drains blood from the proximal 
portion of the intestine. It is joined by the splenie vein just 
under the liver. Other tributaries of the portal circulation are 
the gastrie, panereatie, and inferior mesenterie veins. As it 
enters the liver, the portal vein divides and subdivides into 
ever smaller branehes. 

Eventually, the portal blood flows into a vast net- 
work of sinus-like eapillaries ealled sinusoids (SI-nus-oyds) 
(see Box 14-1). These leaky vessels allow free exchange of 
proteins, nutrients, and dissolved substances between liver 
eells (hepatoeytes) and blood. (Similar blood ehannels are 
found in the spleen and endoerine glands, including the thy- 
roid and adrenals.) After leaving the sinusoids, blood is finally 
eolleeted by the hepatie veins, which empty into the inferior 
vena eava. 
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Box 14-2 


The Vascular Highway: Mapping Blood Vessels 


Now that you've learned the loeations of 
bones and muscles, mastering blood ves- 
sel anatomy is the fìnal ehallenge. Your skeletal system knowl- 
edge will help, sinee some vessels are named after nearby 
bones. A fun and proven way to learn vascular anatomy is to 
map the route taken by a blood eell through the body. 


QUESTION 

A blood eell travels from the popliteal artery to the toe eapillar- 
ies and then baek to the femoral vein. Map out a route it could 
take based on the diagrams provided in yourtextbook. 


ANSVVER 

Step 1. Go to the starting point. Make sure you are on the 

eorreet diagram. You will need Figure 14-5, sinee it shows the 
arteries. Figure 14-7 shows the veins. 

Step 2. Determine your starting direetion. The starting 
point is a systemie artery, so blood will flow away from the 
heart. Systemie veins flow toward the heart. 


Step 3.Travel through the first set of vessels. Use a peneil to 
follow the artery to a braneh point. Unless speeifìed, you ean 
take either braneh. A potential routing through the arteries to 
thetoes could be popliteal a.,anteriortibial a.,dorsalis pedis a., 
arcuate a.,toes. 

Step 4. If neeessary, transition to the seeond set of ves- 
sels. Although not visible on the diagrams, the arcuate artery 
would give off arterioles that would braneh into eapillaries. 
The eapillaries would merge into venules, which would drain 
into nearby veins. So, we need to fìnd a vein draining the toes. 
Figure 14-7 shows the veins. Mapping a route between a vein 
and an artery would require you to travel through the heart 
and the pulmonary circulation. 

Step S.Travel through the seeond set of vessels. A potential 
route from the toes to the femoral vein could be dorsal digital 
v.,plantar venous arch,anterior tibial v., popliteal v.,femoral v. 

See the Chapter Review questions and the Study Guide (avail- 
able separately) for more praetiee in vessel mapping. 


The hepatie portal system ensures that most substances 
absorbed from the intestines ean be proeessed by the liver 
before they encounter body eells. For example, the liver ean 
inaetivate some of the ingested toxins (such as aleohol and 
drugs) before they reaeh the general circulation. The liver 
proeesses nutrients and ean store or release them aeeord- 
ing to body needs. The liver also reeeives arterial blood and 
breaks down aleohol, eertain drugs, and various other tox- 
ins that have already reaehed the general circulation. 

Remember that all of the blood vessels we have dis- 
cussed are linked together with the heart into the circulatory 
system. See Box 14-2 to praetiee mapping routes through 
the many elements of the vasculature. 


CHECKPOINTS 



□ 14-9 VVhat is the differenee between superficial and deep 

veins? 


14-10 VVhat two large veins drain the systemie blood vessels 

and empty into the right atrium? 

14-11 VVhat is a venous sinus? 

□ 14-12 The hepatie portal system takes blood from the 

abdominal organs to which organ? 


C7\SEP0imS 



14-3 If the elot in Joeelyn's popliteal vein broke loose, what is 
the next vessel it would enter? 


14-4 VVhat vessel would earry the elot direetly into the heart? 

14-5 VVhat ehamber of the heart would it enter? 

14-6 Would the elot enter the hepatie portal system? Why or 
why not? 


Circu ation Physiology 

Circulating blood might be eompared to a bus that travels 
around the eity, pieking up and delivering passengers at eaeh 
stop on its route. Take gases, for example. As blood flows 
through eapillaries surrounding the air saes in the lungs, it 
pieks up oxygen and unloads earbon dioxide. Later, when 
this oxygen-rich blood is pumped to systemie eapillaries, it 
unloads the oxygen and pieks up earbon dioxide and other 
substances generated by the eells (Fig. 14-10). The miero- 
seopie eapillaries are of fundamental importanee in these 
aetivities. It is only through the eells of these thin-walled ves- 
sels that the neeessary exchanges ean occur. 

All living eells are immersed in a slightly salty liquid, the 
interstitial (in-ter-STISH-al) fluid, or tissne fluid. Looking 
again at Figure 14-10, one ean see how this fluid serves as 
a “middleman” between the eapillary membrane and the 
neighboring eells. As water, oxygen, eleetrolytes, and other 
neeessary cellular materials pass through the eapillary walls, 
they enter the tissue fluid. Then, these substances make their 
way by diffusion, osmosis, or aetive transport to the eells. 
At the same time, earbon dioxide and other metabolie end 
products leave the eells and move in the opposite direetion. 
These substances enter the eapillaries and are earried away 
in the bloodstream for proeessing in other organs or elimi- 
nation from the body. 

CAPILLARY EXCHANGE 

Many substances move between the eells and the eapillary 
blood by diffusion. Reeall that diffusion is the movement of 
a substance from an area where it is in higher eoneentration 
to an area where it is in lower eoneentration. Diffusion does 
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Figure 14-10 


bloodstream and the tissues.A. A eapillary network. Note the lymphatie eapillaries, which aid in tissue drainage. 

B. Materials, such as the gases oxygen and earbon dioxide, diffuse between the blood and the interstitial fluid.C. At the 
start of a eapillary bed,blood pressure helps push materials out of the blood. At the end of the eapillary bed,osmotic 
pressure is the greater foree and draws materials into the blood.The lymphatie system pieks up excess water and 
proteins for return to the circulation. 


not require cellular energy, but water-soluble substances 
need ehannels or transporters to eross eell membranes. A 
seleet few substances move by aetive transport. For exam- 
ple, the sodium-potassium pump moves sodium out of eells 
and potassium into eells. 

Reeall from Chapter 3 that filtration is the movement of 
a fluid down a pressure gradient through a membrane. This 
proeess pushes water and dissolved materials from eapillary 
blood into tissue fluid through the gaps between eapillary eells 
(see Fig. 14-10B). Blood pressure ereates the pressure gradi- 
ent that drives filtration. Fluid is drawn baek into the eapil- 
lary by osmotie pressure, the U pulling foree” of substances 
dissolved or suspended in the blood (Fig. 14-10C). Osmotie 
pressure is maintained by plasma proteins (mainly albumin), 
which are too large in molecular size to pass between the 
eapillary eells. Filtration and osmosis result in the eonstant 
exchange of fluids aeross the eapillary wall. 

The balanee between filtration pressure and osmotie pres- 
sure determines the net fluid movement. As blood enters the 
eapillary bed, the foree of its fluid pressure is greater than its 
opposing osmotie pressure. The tendeney is for water and dis- 
solved materials to move out of the eapillaries and into the 


interstitial fluid. Water loss lowers blood pressure as blood 
flows through the eapillaries. Thus, as blood leaves the eapil- 
lary bed, the “pulling in” foree of the blood osmotie pressure 
exceeds the “pushing out” foree of the blood fluid pressure, and 
materials will tend to enter the eapillaries. w The inereased fluid 
loss rednees filtration pressme beloiv the relatively nnehanged 
osmotie pressme; it does not appreeiably alter osmotie pressme. 

The movement of blood through the eapillaries is rela- 
tively slow, owing to the much larger eross-seetional area of 
the eapillaries eompared with that of the vessels from which 
they braneh. This slow progress through the eapillaries allows 
time for exchanges to occur. 

Note that even when the eapillary exchange proeess is 
most effieient, some water is left behind in the tissues. Also, 
some proteins eseape from the eapillaries into the tissues. The 
lymphatie system, discussed in Chapter 15, eolleets this extra 
fluid and protein and returns them to the circulation. 

m Stndents often strnggle with the eoneept of eapillary 
exchange, so study Figure 14-10C elosely. Don’t forget that 
blood pressme determines filtration rate, ivhieh deseribes 
fluid movement out of the eapillary. Osmotie pressme pulls 
fluid baek into the eapillary. 




ehapter 14 Blood Vessels and Blood Circulation 



C7\SEP0im 

14-7 Joeelyn's venous blood elot would have inereased the 
blood pressure in eapillaries draining towards the bloeked 
vein. How would this ehange cause tissue swelling? 



ehanges in vessel diameter, sending its messages through 
the autonomic nervous system. 

A preeapillary sphineter of smooth muscle eneireles the 
entranee to eaeh eapillary, eontrolling its blood supply ( 

Fig. 14-10A). This sphineter widens to allow more blood to 
enter when the nearby eells need more oxygen. 



THE DYNAMICS OF BLOOD FL0W 

Blood flow is carefully regulated to supply tissue needs without 
unnecessary burden on the heart. Some organs, such as the 
brain, liver, and kidneys, require large quantities of blood even 
at rest. The requirements of some tissues, such as the skeletal 
muscles and digestive organs, inerease greatly during periods 


Blood’S Retlirn tO the Heart Blood leaving the eapillary 
networks returns in the venous system to the heart, and even 
pieks up some speed along the way, despite faetors that work 
against its return. Blood flows in a elosed system and must 
continually move forward, whether the heart is eontraeting or 
relaxing. However, by the time blood arrives in the veins, little 


of aetivity. For example, the blood flow in muscle ean inerease foree remains from the heart’s pumping aetion. Also, because 

up to 25 times during exercise. The volume of blood flowing the veins expand easily under pressure, blood tends to pool in 

to a particular organ ean be regulated by ehanging the size of the veins. Considerable amounts of blood are normally stored 


the blood vessels supplying that organ. 


Vasomotor Ghanges An inerease in a blood vessel’s 

internal diameter is ealled vasodilation. This ehange allows 
for the delivery of more blood to an area. Vasoeonstrietion 
is a deerease in a blood vessel’s internal diameter, causing 
a deerease in blood flow. These vasomotor aetivities result 
from the eontraetion or relaxation of smooth muscle in the 
walls of the blood vessels, mainly the arterioles. A vaso- 
motor eenter in the medulla of the brain stem regulates 


in these vessels. Finally, the foree of gravity works against 
upward flow from regions below the heart. Several meeha- 
nisms help overeome these forees and promote blood’s return 
to the heart in the venous system. These are as follows: 


Contraction of skeletal muscles. As skeletal muscles 
eontraet, they eompress the veins and squeeze blood for- 
ward (Fig. 14-11). 

Valves in the veins. They prevent backflow and keep 
blood flowing toward the heart. 




Proximal 
valve opens 


Skeletal 

muscle 

eontraets 


Vein 


Distal 

valve eloses 



To heart 




Proximal 
valve eloses 


Skeletal 

muscle 

relaxes 


Vein 


Distal 

valve opens 


A 


B 


Figure 14-11 


Blood return.' _ KEY POINT Muscle eontraetion and valves keep blood flovving baek tovvard the 


heart. A. Contracting skeletal muscle eompresses the vein and drives blood forward,opening the proximal valve,while 
the distal valve eloses to prevent backflow of blood. B. When the muscle relaxes again, the distal valve opens, and the 


proximal valve eloses until blood moving in the vein forees it to open again. \J ZOOMING IN Which of the two valves 
shown is eloser to the heart? 
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■ Breathing. Pressure ehanges in the abdominal and tho- 
raeie eavities during breathing also promote blood return 
in the venous system. During inhalation, the diaphragm 
flattens and puts pressure on the large abdominal veins. 
At the same time, ehest expansion causes pressure to 
drop in the thorax. Together, these aetions serve to both 
push and pull blood through the abdominal and thoraeie 
eavities and return it to the heart. 

As evidenee of these effeets, if a person stands eompletely 
motionless, espeeially on a hot day when the superficial vessels 
dilate, enough blood ean accumulate in the lower extremities 
to cause fainting from insufficient oxygen to the brain. 


CHECKPOINTS 



□ 14-13 VVhat foree helps push materials out of a eapillary? 

VVhat foree helps draw materials into a eapillary? 


14-14 Name the two types of vasomotor ehanges. 
□ 14-15 VVhere are vasomotor aetivities regulated? 


THE PLILSE 

The ventrieles regularly pump blood into the arteries about 70 
to 80 times a minute. The foree of ventricular eontraetion starts 
a wave of inereased pressure that begins at the heart and trav- 
els along the arteries. This wave, ealled the pulse, ean be felt in 
any artery that is relatively elose to the surface, particularly if 
the vessel ean be pressed down against a bone. At the wrist, the 
radial artery passes over the bone on the forearm’s thumb side, 
and the pulse is most eommonly obtained here. Other vessels 
sometimes used for taking the pulse are the earotid artery in 
the neek and the dorsalis pedis on the top of the foot. 

Normally, the pulse rate is the same as the heart rate, 
but if a heartbeat is abnormally weak, or if the artery is 
obstmeted, the beat may not be deteeted as a pulse. In eheek- 
ing another person’s pulse, it is important to use your seeond 
or third finger. If you use your thumb, you may be feeling 
your own pulse. When taking a pulse, it is important to gauge 
its strength as well as its regularity and rate. 

The heart rate (and thus the pulse rate) ean vary signifi- 
eantly without eompromising homeostasis. Various faetors 
may influence the pulse rate. We deseribe just a few here: 

■ The pulse is somewhat faster in small people than in large 
people, and usually slightly faster in women than in men. 

■ In a newborn infant, the rate may be from 120 to 
140 bpm. As the ehild grows, the rate tends to beeome 
slower. 

■ Muscular aetivity influences the pulse rate. During 
sleep, the pulse may slow down to 60 bpm, whereas 
during strenuous exercise, the rate may go up to well 
over 100 bpm. For a person in good eondition, the 
pulse does not go up as rapidly as it does in an inaetive 
person, and it returns to a resting rate more quickly 
after exercise. 

■ Emotional disturbances may inerease the pulse rate. 


■ Pulse rate inereases with inereased temperature, as in 
eases of infeetion. 

■ Excessive seeretion of thyroid hormone may cause a 
rapid pulse. 

BL00D PRESSLIRE 

Blood pressure is the foree exerted by the blood against the 
walls of the vessels and is the foree propelling blood to the tis- 
sues and baek to the heart. This must be adjusted eonstantly to 
guarantee adequate blood flow to the tissues while preventing 
stress on the cardiovascular system. 

Faetors that Affeet Blood Pressure As you will see 

from the next discussion, eontrol of blood pressure is very 
complex and involves many systems. Some of the faetors 
that affeet blood pressure include the following: 

Tota/ B/ood Vo/ume This refers to the total amount of 
blood that is in the vascular system at a given time. Just as 
pressure will inerease within a water balloon as it fills, eon- 
verting a floppy sae into a ball, adding volume to the circu- 
latory system inereases blood pressure. The reverse is also 
true; loss of volume, as by hemorrhage, for example, will 
lower blood pressure. The kidneys are important regulators 
of blood volume, as discussed in Chapter 19. 

Cardiac Output As deseribed in Chapter 13, the output 
of the heart, or eardiae output (CO), is the volume of blood 
pumped out of eaeh ventriele in a minute. CO is the product 
of two faetors: 

■ Heart rate, the number of times the heart beats eaeh min- 
ute. The basie heart rate is set internally by the SA node 
but ean be influenced by the autonomic nervous system, 
hormones, and other substances circulating in the blood, 
such as ions. 

■ Stroke volrnne, the volume of blood ejeeted from the 
ventriele with eaeh beat. The sympathetie nervous sys- 
tem ean stimulate more forceful heart eontraetions to 
inerease blood ejeetion. Also, if more blood returns 
to the heart in the venous system, the inereased blood 
volume stretehes the heart muscle and promotes more 
forceful eontraetions. This response ensures that the 
heart will pump out as much blood as it reeeives and 
prevents pooling of blood in the ventrieles. 

Resistanee to B/ood F/ow Resistanee is opposition to 
blood flow. Because the effeets of resistanee are seen mostly 
in small arteries and arterioles that are at a distanee from the 
heart, this faetor is often deseribed as peripberal resistanee. 
Resistanee in the vessels is affeeted by the following faetors: 

■ Blood vessel diameter: One form of resistanee is the frie- 
tion generated as blood slides along the vessel walls. A 
narrow vessel offers more resistanee to blood flow than 
does a wider vessel, just as it is harder to draw fluid 
through a narrow straw than through a wide straw. 
Vasoeonstrietion inereases resistanee to flow, and vaso- 
dilation lowers resistanee. 
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■ Blood viseosity, or thiekness: Just as a milkshake is 
harder to suck through a straw than milk is, inereased 
blood viseosity will inerease blood pressure. Under 
normal circumstances, blood viseosity remains within 
a eonstant range. However, loss of red eells, as in ane- 
mia, or loss of plasma proteins will deerease viseos- 
ity. Conversely, inereased numbers of red blood eells, 
as in polyeythemia, or a loss of plasma volume, as by 
dehydration, will inerease viseosity. The hematoerit 
test deseribed in Chapter 12 is one measure of blood 
viseosity; it measures the relative pereentage of paeked 
eells in whole blood. 

■ Blood vessel length: A longer vessel offers more resis- 
tanee to blood flow than does a shorter vessel. As blood 
vessel length is ordinarily eonstant, this is not a signifieant 
physiologie faetor in peripheral resistanee. 

Blood Vesse/ Comp/iance and E/astieity 

■ The ease with which arteries expand to reeeive blood is 
termed their eomplianee (kom-PLI-ans). If vessels lose 
their eapaeity for expansion, as occurs with athero- 
selerosis, for example, they offer more resistanee to 
blood flow. You have probably experienced this phe- 
nomenon if you have tried to blow up a firm, new bal- 
loon. More pressure is generated as you blow, and the 
balloon is a lot harder to inflate than is a softer balloon, 
which expands more easily under pressure. Blood vessels 
lose eomplianee with aging, thus inereasing resistanee 
and blood pressure. 

■ The term elastieity (e-las-TIH-sih-te) deseribes the ability 
of blood vessels to return to their original size after being 
stretehed. Think of an elastieized garment, a bathing suit 
for example. When new, its eomplianee (stretehability) is 
low, and it may be hard to get into, but it readily springs 
baek to shape when removed. With time, its elastieity has 
deereased and its eomplianee has inereased. It may be eas- 
ier to put on, but it does not resume its original shape after 
wearing. Arteries streteh as they reeeive blood, near the 
heart for example, and then tend to reeoil to their original 
size, putting pressure on the blood. This response helps 
prevent wide fluctuations in blood pressure as the heart 
eontraets and relaxes. Because arteries have more elastie 
tissue than do veins, pressure is higher in the arterial sys- 
tem than in the venous system, and pressure drops eontin- 
uously as blood travels away from the heart (Fig. 14-12). 

Oontrol of Blood Pressure A negative feedbaek loop 

enables the body to maintain relatively eonstant blood pres- 
sure despite ehanges in body position, tissue needs, and over- 
all blood volume. The sensors for blood pressure eonsist of 
baroreeeptors (bar-o-re-SEP-torz) in the walls of the earotid 
arteries and the aorta. Baroreeeptors are streteh reeeptors; 
inereased pressure stretehes the vessel wall, inereasing the 
signal rate from the baroreeeptors, while deereased pres- 
sure deereases the signal rate. Figure 14-13 shows how the 
negative feedbaek loop eompensates for hemorrhage. The 
resulting deerease in blood pressure and blood vessel streteh- 
ing reduces the signal rate from the baroreeeptors to the 
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Figure 14-12 


Blood pressure . ( ^ KEY POINT Blood pressure 


deelines as blood flows farther from the heart. Systolie pressure 
is the maximum pressure that develops in the arteries after heart 
muscle eontraetion; diastolie pressure is the lowest pressure in the 
arteries after relaxation of the heart.The differenee between the 
two pressures (pulse pressure) deelines as blood flows through the 
arteries.The small rises in the venae eavae represent the breathing 
pump that promotes venous return. r J ZOOMING INInwhich 
vessels does the pulse pressure drop to zero? 


cardiovascular eontrol eenter in the medulla oblongata. The 
eontrol eenter responds by inereasing sympathetie aetivation, 
resulting in inereased heart rate, stroke volume, and vasoeon- 
strietion. Thus, both eardiae output and peripheral resistanee 
inerease, and blood pressure rises. On the other hand, high 
blood pressure inereases baroreeeptor signaling. The eontrol 
eenter responds by sending signals via the parasympathetie 
nervous system that result in a slower heart rate and dilation 
of peripheral vessels, and blood pressure deereases. 

Measurement of Blood Pressure The measurement 

and careful interpretation of blood pressure may prove 
a valuable guide in the eare and evaluation of a person’s 
health. Because blood pressure deereases as the blood 
flows from arteries into eapillaries and finally into veins, 
healtheare providers ordinarily measure arterial pressure 
only, most eommonly in the braehial artery of the arm. In 
taking blood pressure, two variables are measured: 

■ Systolie pressure, the maximum pressure that develops 
in the arteries after heart muscle eontraetion. 

■ Diastolie pressure, the lowest pressure measured in the 
arteries after relaxation of the heart muscle. 

The wave of inereased pressure that develops when the heart 
eontraets represents the pulse, as previously deseribed. The 
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The baroreeeptor response. (j KEY POINTThe baroreeeptors aet as sensors in a negative 


feedbaek loop that keeps blood pressure relatively eonstant. (j ZOOMING IN What happens to the heart rate when 


blood pressurefalls? 


differenee between the systolie and the diastolie pressures is 
ealled the pulse pressme. This value deelines continuously as 
blood gets farther from the heart, dropping to zero by the time 
blood reaehes the eapillaries (see Fig. 14-12). 


The instmment used to measure blood pressure is a sphyg- 
momanometer (sfig-mo-mah-NOM-eh-ter) (Fig. 14-14), 
more simply ealled a blood pressure cuff or blood pres- 
sure apparatus. The sphygmomanometer is an inflatable 


Air eompartment . Cuff 




Figure 14-14 


Measurement of blood pressure. A. A sphygmomanometer, or blood pressure cuff. B. Onee the cuff is inflated, the examiner 


releases the pressure and listens for sounds in the vessels with a stethoseope. 
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cuff attaehed to a pressure gauge. Pressure is expressed in 
millimeters mercury (mm Hg), that is, the height to which 
the pressure ean push a column of mercury in a tube. The 
examiner wraps the cuff around the patient’s upper arm and 
inflates it with air until the braehial artery is eompressed and 
the blood flow is cut off. Then, listening with a stethoseope, 
he or she slowly lets air out of the cuff until the first pulsa- 
tions are heard. At this point, the pressure in the cuff is equal 
to the systolie pressure, and this pressure is read. Then, more 
air is let out gradually until a eharaeteristie muffled sound 
indieates that the vessel is open and the diastolie pressure is 
read. Original-style sphygmomanometers display readings 
on a graduated column of mercury, but newer types display 
them on a dial. The newest deviees measure blood pressure 
eleetronieally: the examiner simply applies the cuff, which 
self-inflates and provides a digital reading. A typieal normal 
systolie pressure is less than 120 mm Hg; a typieal normal 
diastolie pressure is less than 80 mm Hg. Blood pressure is 
reported as systolie pressure first, then diastolie pressure, 


separated by a slash, such as 120/80. This reading would be 
reported verbally as u 120 over 80.” 

Considerable experience is required to ensure an accu- 
rate blood pressure reading. Often, it is neeessary to repeat 
measurements. Note also that blood pressure varies through- 
out the day and under different eonditions, so a single read- 
ing does not give a eomplete picture. Some people typieally 
have a higher reading in a doetor’s offiee because of stress. 
People who experience such “white eoat hypertension” may 
need to take their blood pressure at home while relaxed to get 
a more accurate reading. 


See the Student Resources on thePoint® for eareer 
information on vascular teehnology. Vascular teeh- 
nologists eolleet information on the blood vessels 
and circulation to aid in diagnosis. 


A & P in Aetion Revisited 



joeelyn Sees a Hematologist 

In her first visit with Dr. Schuman, the hematologist, 
JoeeLyn discussed the history of the bLood eLot in her 
Left Leg. In a seeond visit, the doetor expLained the 
meaning of the bLood test she had done for hereditary 
protein S defieieney. 

'This protein normaLLy heLps bLoek bLood eLot- 
ting," she said. yy You have a miLd defieieney, so your 
bLood might tend to eLot easiLy. I don't reeommend 
any further treatment for you at this point, but you 
shouLd report this defieieney if you are in an aeei- 
dent or undergoing surgery. You wiLL probabLy aLways 


have poor circuLation in that Leg, so try not to sit or 
stand in one position for Long. If, for exampLe, you are 
traveLing for a Long time, wear a eompression stoek- 
ing on that Leg and move around at Least onee every 
hour. I aLso reeommend that you have your two young 
aduLt daughters tested for this defieieney. DefiniteLy 
no menopausaL hormone repLaeement therapy for you, 
and no hormonaL eontraeeptives for the girLs if they 
have this genetie trait. And of course, not smoking is 
important." 
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Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie promineiations. 


aorta 

arteriole 

artery 

baroreeeptor 

eomplianee 


eapillary 

elastieity 

endothelium 

pulse 

sinusoid 


sphygmomanometer vena eava 

vasoeonstrietion venous sinus 

vasodilation venule 

vasomotor 
vein 


Word Anatomy 


Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Systemie Arteries 

braehi/o 

arm 

The braehioeephalie artery supplies blood to the arm and head on the right side. 

eeli/o 

abdomen 

The eeliae trunk branehes to supply blood to the abdominal organs. 

eephal/o 

head 

See “braehi/o” example. 

elav/o 

elaviele 

The stibelavian artery extends under the elaviele on eaeh side. 

eost/o 

rib 

The intereostal arteries are between the ribs. 

enter/o 

intestine 

The mesenterie arteries supply blood to the intestines. 

gastr/o 

stomaeh 

The gastrie artery goes to the stomaeh. 

hepat/o 

liver 

The hepatie artery supplies blood to the liver. 

ped/o 

foot 

The dorsalis pedis artery supplies blood to the foot. 

phren/o 

diaphragm 

The phrenie artery supplies blood to the diaphragm. 

splen/o 

spleen 

The splenie artery goes to the spleen. 

stoma 

mouth 

An anastomosis is a communication between two vessels. 

Circulation Physiology 

bar/o 

pressure 

A baroreeeptor responds to ehanges in pressure. 

man/o 

pressure 

See next example. 

sphygm/o 

pulse 

A sphygmomanometer is used to measure blood pressure. 


Quest ons for Study and Revlew 

BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. Capillaries reeeive blood from vessels ealled_. 4. Blood is delivered to the lungs by the_circuit. 

2. The speeifie part of the medulla oblongata that regulates 5. The teehnieal name for a blood pressure cuff is_ 

blood flow is the_. 

3. The flow of blood into an individual eapillary is regulated 

by a(n)_. 
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Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . Supplies blood from the heart to the right arm and head. 

7. Supplies blood from the heart to the kidney 

8 . Returns blood from the brain to the heart 

9. Returns blood from the small intestine to the heart 

10. Supplies oxygen-rich blood to the liver 


a. jugular vein 

b. superior mesenterie vein 
C. braehioeephalie artery 

d. renal artery 

e. hepatie artery 


Mnltiple Choice 

_ 11. Which tissue makes up a blood vessel’s inner tunic? 

a. smooth muscle 

b. epithelium 

C. eonneetive tissue 
d. nervous tissue 

_ 12. What is the name of either large vein that drains into 

the right atrium? 

a. vena eava 

b. jugular 
C. earotid 
d. iliae 

_ 13. What is the main proeess of eapillary exchange? 

a. endoeytosis 

b. exocytosis 
C. osmosis 
d. diffusion 

(JNDERSTANDING CONCEPTS 

16. Differentiate between the terms in eaeh of the 
following pairs: 

a. artery and vein 

b. arteriole and venule 

C. anastomosis and venous sinus 

d. vasoeonstrietion and vasodilation 

e. systolie and diastolie pressure 

17. How does the structure of the blood vessels eorrelate 
with their function? 

18. Traee a drop of blood from the left ventriele to the: 

a. right side of the head and the neek 

b. lateral surface of the left hand 
C. right foot 

d. liver 

e. small intestine 

19. Traee a drop of blood from eapillaries in the wall of the 
small intestine to the right atrium. What is the purpose of 
going through the liver on this trip? 


14. Which vessel supplies oxygen-rich blood to the 
stomaeh, spleen, and liver? 

a. hepatie portal system 

b. superior mesenterie artery 
C. inferior mesenterie artery 
d. eeliae trnnk 

15. Which structure regulates vasomotor aetivities? 

a. medulla 

b. cerebellum 
C. cerebrum 
d. spinal eord 


20. Deseribe three meehanisms that promote the return of 
blood to the heart in the venous system. 

21. What physiologieal faetors influence blood pressure? 

22. Name the blood vessels that contribute to the hepatie 
portal system. 

23. Referring to the Disseetion Atlas in appendix 3: 

a. Give the number of any figure that shows an 
anastomosis. 

b. Name the artery leading to the gallbladder 

C. Name two branehes of the eommon hepatie artery 

d. Name the artery that supplies the stomaeh and the first 
portion of the small intestine 

e. Name an artery that supplies the reproductive organs. 
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CONCEPTUAL THINKING 


24. Kidney disease usually results in the loss of protein from 
the blood into the urine. One eommon sign of kidney 
disease is edema. From your understanding of eapillary 
exchange, explain why edema is often assoeiated with 
kidney disease. 

25. Cliff C., a 49-year-old self-deseribed “couch potato,” 
has high blood pressure. His doetor suspects that Cliff’s 
lifestyle has led to fatty deposits in the lining of his 
arteries, resulting in narrowing and hardening of these 
vessels. How has this disorder contributed to Oiff’s high 
blood pressure? 


26. joeelyn’s blood elot has bloeked the popliteal vessel 

behind her knee. If this elot broke loose, what structures 
would it pass through before it reaehed a lung? 


For more questions, see the Learning Aetivities on 

thePoinf. 



CHAPTER 


The Lymphatie System and Immiinity 



Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► List the functions of the Lymphatie 

system. p. 302 

2 ► ExpLain how Lymphatie eapiLLaries differ 

from bLood eapiLLaries. p. 303 

3 ► Name the two main Lymphatie ducts, and 

deseribe the area drained by eaeh. p. 305 

4 ► Name and give the Loeations of five 

types of Lymphatie tissue, and List the 
functions of eaeh. p. 305 

5 ► Differentiate between innate and 

adaptive immunity, and give exampLes of 
eaeh. p. 309 

6 ► Name three types of eeLLs and three 

types of ehemieaLs aetive in the seeond 
Line of defense against disease. p. 309 

7 ► BriefLy deseribe the infLammatory 

reaetion. p. 312 

8 ► Define antigen and antibody. p. 313 

9 ► Compare and eontrast T eeLLs and B eeLLs 

with respeet to deveLopment and type of 
aetivity. p. 313 

10 ► Deseribe the aetivities of four types of 

T eeLLs. p. 313 

11 ► ExpLain the roLe of antigen-presenting 

eeLLs in adaptive immunity. p. 313 

12 ► Differentiate between naturaL and 

artifieiaL adaptive immunity. p. 315 

13 ► Differentiate between aetive and passive 

immunity. p. 315 

14 ► Define the term vaeeine , and give three 

exampLes of vaeeine types. p. 317 

15 ► Define the term antisemm, and give five 

exampLes of antisera. p. 317 

16 ► llsing information from the ease study and 

the narrative, expLain how the body rids 
itseLf of virus-infected eeLLs. pp. 30l f 319 

17 ► Show how word parts are used to buiLd 

words reLated to the Lymphatie system 
(see Word Anatomy at the end of the 
ehapter). p. 321 








A & P in Aetior Lucas’s Mononucleosis 


Lucas was looking forward to the upcom- 
ing high sehooL marehing band season. 
His band had been putting in many 
hours praetieing new tunes and mareh- 
ing sequences. Lucas reeently had been 
feeLing pretty tired, which he attrib- 
uted to the Late hours and twice-a-day 
praetiees. His 30-Lb sousaphone seemed 
to weigh more these days. 

yy Come on Lucas, you have to eat 
dinner before going to band praetiee 
tonight," his mom urged one evening. 
y/ I don't feeL Like eating, and 
besides, my throat is kind of sore," Lucas repLied. 

Thinking about her son's answer, his mom reeaLLed 
that Lucas had been sLeeping more than usuaL the past few 
days. She worried about his heetie scheduLe, the frequent 
crowded bus trips, and the intense eLassroom sessions with 
the 125-pLus band members. She was aware thattwo of the 
band members had eome down with mono the past week 
and that iLLness was aLready a topie of discussion at the 
parent booster cLub meeting. She deeided to eaLL Lucas's 
physieian the next day and scheduLe an appointment. 

yy Hi Lucas, how's the band season eoming aLong? 
Dr. Fiseher asked when he saw Lucas Later that week. 



"Pretty good; we've got some new songs and I think we 
are going to seore weLL in the band eompetition. We have a 
new tuba pLayer, and he's got one of those new Lightweight 
sousaphones, pretty eooL" Lucas said. "Everyone was trying 
it out, it's reaLLy neat." 

Dr. Fiseher took a history and then asked Lucas to Lie 
down on the examination tabLe. "Let's take a Look and see 
why you are feeLing so tired LateLy and what might be caus- 
ing the sore throat." 

Dr. Fiseher eonsidered the symptoms: generaL maLaise for 
seven to 10 days, fever, Loss of appetite, and a sore throat. 
He began the physieaL examination by observing Lucas's 
throat and tonsiLs and noted that they were red and swoLLen. 
He paLpated the Lymph nodes in the eervieaL, axiLLary, and 
ingmnaL regions. They were aLL enLarged. He aLso paLpated 
the Left upper quadrant (LUQ) of the abdomen and noted 
that the spLeen was enLarged. 

"It Looks Like you might have eome down with a viraL 
infeetion eaLLed mononucLeosis," Dr. FisehertoLd Lucas. "I'm 
going to take a throat cuLture and bLood sampLe to eonfirm 
my suspicions." 

Later, we wiLL eheek on the resuLts of Lucas's Laboratory 
tests and his diagnosis. In this ehapter, you wiLL Learn about 
the Lymphatie system and its functions and aLso how the 
inmrmne system proteets, us from infeetions, spread. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Chain of Events in Inflammation 

► Web Chart: Lymphoid Tissue 
Animation: Acute Inflammation 

► Animation: lmmune Response 
Health Professions: Nurse Praetitioner 
Detailed ehapter Outline 

Answers to Questions for Study and Review 
Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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ALOOKBACK 

In Cbapter 14, we learned tbat tbe blood leaves some flnid 
bebind in tbe tissnes as it travels tbrongb tbe eapillary net- 
works. Tbe lympbatie system eolleets tbis flnid and retmns it 
to tbe eireiilation. Lympb’s retmn to tbe beart is governed by 
tbe same meebanisms tbat promote venons retmn of blood. 
Tbe lympbatie system bas otber fimetions besides aiding in 
eirenlation. Tbese inelnde its role in immnnity, as we will see 
in tbis ebapter. Tbe immnne system also relies on tbe aetions 
of wbite blood eells. Now is a good time to review tbe strne- 
tme and fnnetion oftbe lenkoeytes in Gbapter 12. 

T his ehapter discusses the aetivities of two interrelated body 
systems. The immune system eonsists primarily of the 
white blood eells (leukocytes) introduced in Chapter 12. The 
lymphatie system eonsists of a branehing network of lymphoid 
vessels and lymphoid organs that house the immune eells. 
These systems work together to defend against external threats, 
such as mierobes, and internal threats, such as eaneer eells. We 


begin with the structure and hmetions of the lymphatie system, 
which also performs roles unrelated to immunity. 

Functions of the Lymphatie 
System 

The lymphatie system serviees nearly all body regions, with 
the exception of bone marrow, eartilage, and epithelium. Its 
hmetions fall into three eategories: 

■ Fluid balanee. As blood circulates through the eapil- 
laries in the tissues, water and dissolved substances are 
eonstantly exchanged between the bloodstream and 
the interstitial (in-ter-STISH-al) fluids that bathe the 
eells. The volume of fluid that leaves the blood is not 
quite matehed by the amount that returns to the blood, 
so there is ahvays a slight excess of fluid left behind in 
the tissues. In addition, some proteins eseape from the 
blood eapillaries and are left behind. This fluid and pro- 
tein would accumulate in the tissues if not for a seeond 
drainage pathway through lymphatie vessels (Fig. 15-1). 
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Figure 15-1 


V 


The lymphatie system in relation to the cardiovascular system. 


C.| KEY POINT 


Lymphatie vessels piek up fluid in the tissues and return it to the blood in vessels near the heart. 
ÍJ ZOOMING IN VVhattype of blood vessel reeeives lymph eolleeted from the body? 
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In addition to the blood-earrying eapillaries, the 
tissues also eontain mieroseopie lymphatie eapillar- 
ies (Fig. 15-2). These small vessels piek up excess fluid 
and protein from the tissues. They then drain into larger 
vessels, which eventually return these materials to the 
venous system near the heart. 

The fluid that circulates in the lymphatie system is 
ealled lymph (limf), a elear fluid similar in eomposition 
to interstitial fluid. Although lymph is formed from the 
eomponents of blood plasma, it differs from the plasma 
in that it has much less protein. 

Proteetion. The lymphatie system is an important eom- 
ponent of the immune system, which fights infeetion and 
helps prevent eaneer. One group of white blood eells, the 
lymphoeytes, ean live and multiply in the lymphatie sys- 
tem, where they attaek and destroy foreign organisms. 
Lymphoid tissue seattered throughout the body filters 
out pathogens, other foreign matter, tumor eells, and eel- 
lular debris found in body flmds. More will be said about 
the lymphoeytes and immunity later in this ehapter. 

Absorption of fats. Following the ehemieal and 
meehanieal breakdown of food in the digestive traet, 
most nutrients are absorbed into the blood through 
intestinal eapillaries. Many digested fats, however, are 
too large to enter the blood eapillaries and are instead 
absorbed into speeialized lymphatie eapillaries in the 
lining of the small intestine. Fats taken into these lae- 
teals (LAK-te-als) are transported in lymphatie vessels 
until the lymph is added to the blood. More informa- 
tion on the lymphatie system’s role in digestion is found 
in Chapter 17. 


Lymphatie C rcu ation 

Lymph travels through a network of small and large ehannels 
that are in some ways similar to the blood vessels. However, 
the system is not a eomplete circuit. It is a one-way system that 
begins in the tissues and ends when the lymph joins the blood 
(see Fig. 15-1). 

LYMPHATK CAPILLARIES 

The walls of the lymphatie eapillaries resemble those of the 
blood eapillaries in that they are made of one layer of flat- 
tened (squamous) epithelial eells. This thin layer, also ealled 
endotbelium^ allows for easy passage of soluble materials 
and water through the eapillary wall (see Fig. 15-2B). The 
gaps between the endothelial eells in the lymphatie eapil- 
laries are larger than those of the blood eapillaries. The 
lymphatie eapillaries are thus more permeable, allowing for 
easier entranee of relatively large protein molecules. The 
proteins do not move baek out of the vessels because the 
endothelial eells overlap slightly, forming one-way valves to 
bloek their return. 

IJnlike the blood eapillaries, the lymphatie eapillaries 
arise blindly; that is, they are elosed at one end and do not 
form a bridge between two larger vessels. Instead, one end 
simply lies within a lake of tissue fluid, and the other eom- 
municates with a larger lymphatie vessel that transports the 
lymph toward the heart (see Fig. 15-2A). 



CHECKPOINT 

□ i 5-1 What are the three functions of the lymphatie system? 
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Figure 15-2 


Lymphatie drainage in the tissues. (j KEY POINT Lymphatie eapillaries piek up fluid and proteins from the tissues 


for return to the heart in lymphatie vessels. A. Blind-ended lymphatie eapillaries in relation to blood eapillaries./4/roi/i/s showthe direetion 
offlow. B. Structure ofa lymphatie eapillary. Fluid and proteinsean enter the eapillary with easethrough gaps between the endothelial 
eells.Overlapping eells aet as valves to prevent the material from leaving. 
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LYMPHATK VESSELS 

The lymphatie vessels are thin walled and delieate and have a 
beaded appearanee because of indentations where valves are 
loeated (see Fig. 15-1). These valves prevent backflow in the 
same way as do those found in veins. 

Lymphatie vessels include superficial and deep sets 
(Fig. 15-3). The surface lymphaties are immediately below 


the skin, often lying near the superficial veins. The deep ves- 
sels are usually larger and aeeompany the deep veins. 

Lymphatie vessels are named aeeording to loeation. 
For example, those in the breast are ealled mammary lym- 
phatie vessels (see Fig. 15-3D), those in the thigh are ealled 
femoral lymphatie vessels, and those in the leg are ealled 
tibial lymphatie vessels. At eertain points, the vessels drain 
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Figure 15-3 


Vessels and nodes of the lymphatie system. KEY POINT Lymphatie vessels serve almost every area in the body. 


Lymph nodes are distributed along the path of the vessels. A. Lymph nodes and vessels,showing areas draining into the right lymphatie 
duct (pi/rp/e) and the thoraeie duct ( red ). B. Lymph nodes and vessels of the head. C. Drainage of right lymphatie duct and thoraeie duct into 
subclavian veins. D. Lymph nodes and vessels of the mammary gland and surrounding areas. 1 j ZOOMING IN What are some nodes that 
reeeive lymph drainage from the breast? 
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through lymph nodes, small masses of lymphatie tissue that 
filter the lymph. The nodes are in groups that serve a par- 
ticular region, as will be deseribed shortly. The lymph nodes 
and other lymphoid tissue are involved in Lucas’s ease study 
on infectious mononucleosis. Lymphatie vessels earrying 
lymph away from the regional nodes eventually drain into 
one of two terminal vessels, the right lymphatie duct or the 
thoraeie duct, both of which empty into the bloodstream 
near the heart. 

The Right Lymphatie Duct The right lymphatie duct 

is a short vessel, approximately 1.25 em (1/2 in) long, that 
reeeives only the lymph that eomes from the body’s supe- 
rior right quadrant: the right side of the head, neek, and 
thorax, as well as the right upper extremity. The right lym- 
phatie duct empties into the right subclavian vein near the 
heart (see Fig. 15-3C). Its opening into this vein is guarded 
by two poeket-like semilunar valves to prevent blood from 
entering the duct. The rest of the body is drained by the 
thoraeie duct. 

The Thoraeie Duct The thoraeie duct, or left lym- 

phatie duct, is the larger of the two terminal vessels, mea- 
suring approximately 40 em (16 in) in length. As shown 
in Figure 15-3, the thoraeie duct reeeives lymph from all 
parts of the body except those superior to the diaphragm 
on the right side. It then drains into the left subclavian 
vein. This duct begins in the posterior part of the abdomi- 
nal eavity, inferior to the attaehment of the diaphragm. 
The duct’s first part is enlarged to form a eistern, or tempo- 
rary storage pouch, ealled the eisterna ehyli (sis-TER-nah 
KI-li). Chyle (kile) is the milky fluid that drains from the 
intestinal laeteals; it is formed by the eombination of fat 
globules and lymph. Chyle passes through the intestinal 
lymphatie vessels and the lymph nodes of the mesentery 
(the membrane around the intestines), finally entering the 
eisterna ehyli. In addition to ehyle, all the lymph from 
below the diaphragm empties into the eisterna ehyli and 
subsequently the thoraeie duct. 

The thoraeie duct extends upward from the eisterna 
ehyli through the diaphragm and along the posterior thoraeie 
wall into the base of the neek on the left side. Here, it reeeives 
the left jugular lymphatie vessels from the head and neek and 
the left subclavian vessels from the left upper extremity. In 
addition to the valves along the duct, there are two valves at 
its opening into the left subclavian vein to prevent the passage 
of blood into the duct. 


MOVEMENT 0F LYMPH 

The segments of lymphatie vessels loeated between the valves 
eontraet rhythmieally, propelling the lymph forward. The eon- 
traetion rate is related to the fluid volume in the vessel—the 
more fluid, the more rapid the eontraetions. 

The same meehanisms that promote venous return of 
blood to the heart also move lymph. As skeletal muscles eon- 
traet during movement, they eompress the lymphatie vessels 
and drive lymph forward. Changes in pressures within the 


abdominal and thoraeie eavities caused by breathing aid lym- 
phatie movement from the abdomen to the thorax. 


CHECKPOINTS 



15-2 What are the two differenees between blood eapillaries 
and lymphatie eapillaries? 


□ i 5-3 What are the two main lymphatie vessels? 


C7\SEP0INTS 



15-1 In the ease study, Lucas's physieian noted swelling in 
his cervical,thoracic,and axillary lymph nodes. Llsing 
Fig. 15-3 as referenee, where are these loeated? 

15-2 Traee the path of lymph from the infìamed nodes on his 
left side into his bloodstream. 


Lymphoid Tissue 

Lymphoid (LIM-foyd) tissue is distributed throughout the 
body and makes up the lymphatie system’s speeialized organs. 
As previously mentioned, the lymph nodes are part of the net- 
work of lymphatie vessels. In eontrast, the spleen, thymus, ton- 
sils, and other lymphoid organs do not encounter lymph. 


See the Student Resources on thePoint® for a quick 
study ehart on lymphoid tissue. 


LYMPH NODES 

The lymph nodes, as noted, filter the lymph as it travels 
through the lymphatie vessels (Fig. 15-4). They are also sites 
where lymphoeytes of the immune system multiply and work 
to eombat foreign organisms. The lymph nodes are small, 
rounded masses varying from pinhead size to as long as 2.5 em 
(1 in). Eaeh has a fibrous eonneetive tissue capsule from which 
partitions ealled trabeenlae extend into the node’s substance. 
At various points in the node’s surface, afferent lymphatie ves- 
sels pieree the capsule to earry lymph toward open ehannels, 
or sinuses, in the node. An indented area, the bilum (HI-lum) is 
the exit point for efferent lymphatie vessels earrying lymph out 
of the node. At this loeation, other structures, including blood 
vessels and nerves, link with the node. (Hilum is a general term 
for an indented region of an organ where vessels and nerves 
eonneet.) 

A lymph node is divided into two regions: an outer eor- 
tex and an inner medulla. Eaeh of these regions includes 
lymph-filled sinuses and eords of lymphatie tissue. The eor- 
tex eontains pulplike eortieal nodules , eaeh of which has 
a germinal eenter where eertain lymphoeytes multiply. The 
medulla has populations of imnmne eells, including lympho- 
eytes and maerophages (phagoeytes) along the mednllary 
sinnses , which drain into the efferent lymphatie vessels. 

Lymph nodes are seldom isolated. As a rule, they are 
grouped together in numbers varying from two or three 
to well over 100. Some of these groups are plaeed deeply, 
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Lymph nodes. (j KEY POINT Lymph is fìltered as it travels through 


a lymph node.Cells of the imrrmne system also multiply in the nodes.A. Structure of a 
lymph nod e.Arrovvs indieate the flow of lymph. B. Seetion of a lymph node as seen under 
the mieroseope (low power). ZOOMING IN What type of lymphatie vessel earries 
lymph into a node? What type of lymphatie vessel earries lymph out of a node? 


whereas others are superficial. The main groups include the 
following: 

■ Cervical nodes, loeated in the neek in deep and superficial 
groups, drain various parts of the head and neek. They 
often beeome enlarged during upper respiratory infeetions. 


Axillary nodes, loeated in the axillae (armpits), may 
beeome enlarged after infeetions of the upper extremities 
and the breasts. 

Traeheobronehial (tra-ke-o-BRONG-ke-al) nodes are 
found near the traehea and around the larger bronehial 
tubes. In people who smoke, are exposed to smoke, or 
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live in highly polluted areas, these nodes beeome filled 
with airborne eontaminants. 

■ Mesenterie (mes-en-TER-ik) nodes are found between 
the two layers of peritoneum that form the mesentery. 
There are some 100 to 150 of these nodes. 

■ Inguinal nodes, loeated in the groin region, reeeive 
lymph drainage from the lower extremities and from 
the external reproductive organs. When they beeome 
enlarged, they are often referred to as buboes (BU-bose), 
from which bubonic plague got its name. 

THE SPLEEN 

The spleen filters blood, much like the lymph nodes fil- 
ter lymph. It is loeated in the superior left hypoehondriae 
region of the abdomen, high up under the dome of the 
diaphragm, and normally is proteeted by the lower part of 
the rib eage (Fig. 15-5). The spleen is a soft, purplish, and 
somewhat flattened organ, measuring approximately 12.5 
to 16 em (5 to 6 in) long and 5 to 7.5 em (2 to 3 in) wide. 
The spleen’s capsule, as well as its framework, is more elas- 
tie than that of the lymph nodes. It eontains an involuntary 
muscle, which enables the splenie capsule to eontraet and 
also to withstand some swelling. 

Not surprisingly, eonsidering its role in blood filtration, 
the spleen has an unusually rieh blood supply. The organ is 
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Figure 15-5 


Loeation of lymphoid organs. (_ KEY POINT 

In addition to lymphatie vessels and nodes,the lymphatie system 
includes the thymus,spleen,and mucosa-associated lymphoid tissue 
(MALT). MALT includes the tonsils, Peyer patehes, and appendix. 


filled with a soft pulp rieh in phagoeytes and lymphoeytes. As 
blood slowly pereolates through this tissue, eonneetive tissue 
fibers trap cellular debris and other impurities for destme- 
tion by phagoeytes. The spleen is elassified as part of the 
lymphatie system because it eontains prominent masses of 
lymphoid tissue. However, it has wider functions than other 
lymphatie structures, including the following: 

■ Destroying old, worn-out red blood eells. The iron and 
other breakdown products of hemoglobin are then ear- 
ried to the liver by the hepatie portal system to be reused 
or eliminated from the body. 

■ Producing red blood eells before birth 

■ Serving as a reservoir for blood, which ean be returned to 
the bloodstream in ease of hemorrhage or other emergeney 

THE THYMLIS 

The thymus (THI-mus), loeated in the superior thorax deep 
to the sternum, plays a role in immune system development 
during fetal life and infaney (see Fig. 15-5). Certain lympho- 
eytes, T eells, must mature in the thymus gland before they 
ean perform their functions in the immune system. Removal 
of the thymus causes a generalized deerease in the production 
of T eells as well as a deerease in the size of the spleen and of 
lymph nodes throughout the body. 

The thymus is most aetive during early life. After puberty, 
the tissue undergoes ehanges; it shrinks in size and is gradu- 
ally replaeed by eonneetive tissue and fat. 

MUC0SA-ASS0CIATED LYMPHOID TISSUE 

In the mucous membranes lining portions of the digestive, respi- 
ratory, and urogenital traets, there are areas of lymphatie tissue 
that help destroy foreign eontaminants. By means of phagoey- 
tosis and production of antibodies, substances that counteract 
infectious agents, this mucosa-associated lymphoid tissue, or 
MALT, prevents mieroorganisms from invading deeper tis- 
sues. Along with the mucosal membranes themselves, MALT 
is now reeognized as an important barrier against infeetion. 

Some of the largest aggregations of MALT are found 
in the digestive traet and are known as GALT, or gut-asso- 
eiated lymphoid tissue. Peyer (Pl-er) patehes are clusters of 
lymphoid nodules loeated in the mucous membranes lining 
the distal small intestine. The appendix (ah-PEN-diks) is 
a finger-like tube of lymphatie tissue, measuring approxi- 
mately 8 em (3 in) long. It is attaehed, or “appended,” to 
the first portion of the large intestine (see Fig. 15-5). Like 
the tonsils, the appendix seems to be notieed only when it 
beeomes infeeted, causing appendieitis. However, it may, 
like the tonsils, figure in the development of immunity. 

TONSILS 

The tonsils are unencapsulated masses of GALT loeated 
in the vieinity of the pharynx (throat). They help proteet 
against ingested or inhaled eontaminants (Fig. 15-6). The 
tonsils have deep grooves lined with lymphatie nodules. 
Lymphoeytes attaek pathogens trapped in these grooves. 
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Figure 15-6 


tonsils in a sagittal seetion. B. Healthy tonsils in a healthy adult. 


9 Like the spleen and thynrns, the tonsils are not eonneeted 
with the lymphatie vessel netivork. The tonsils are loeated in 
the following three areas: 

■ The palatine (PAL-ah-tine) tonsils are oval bodies loeated 
at eaeh side of the soft palate. These are generally what is 
meant when one refers to “the tonsils.” 

■ The single pharyngeal (fah-RIN-je-al) tonsil is eommonly 
referred to as the adenoid (AD-eh-noyd) (a general term 
that means “glandlike”). It is loeated behind the nose on 
the posterior wall of the upper pharynx. 

■ The lingual (LING-gwal) tonsils are little mounds of 
lymphoid tissue at the posterior of the tongue. 

Any of these tonsils may beeome so loaded with baeteria 
that they beeome reservoirs for repeated infeetions, and 
their removal is advisable. In ehildren, a slight enlargement 
of any of them is not an indieation for surgery, however, 
because all lymphoid tissue masses tend to be larger in ehild- 
hood. A physieian must determine whether these masses are 
abnormally enlarged taking the patient’s age into account, 
because the tonsils are important in immune function dur- 
ing early ehildhood. Surgery may be advisable in eases of 
recurrent infeetion or if the enlarged tonsils make swallow- 
ing or breathing difficult. Their removal may also help ehil- 
dren suffering from ear infeetions because baeteria infeeting 
the tonsils may travel to the middle ear. 


CHECKPOINTS 



15-4 What is the function of the lymph nodes? 

Ch 5-5 What does the spleen fìlter? 

15-6 What kind of imrrmne system eells develop in the 
thymus? 

Oi 5-7 What is the meaning of the aeronyms MALT and GALT? 
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15-3 The germinal eenters of Lucas's lymph nodes would 
have been enlarged because of his infeetion.What does 
this ehange indieate? 

15-4 Which tonsils would the doetor have seen in Lucas's 
throat? 


15-5 Of all of the lymphoid organs mentioned in Lucas's ease, 
which encounter lymph and which encounter only blood? 


Immunity 

The body is eonstantly exposed to harmful organisms, such 
as baeteria and viruses. Fortunately, most of us survive eon- 
taet with these invaders and even beeome more resistant to 
disease in the proeess. All of the defenses that proteet us 
against disease constitute imimmity. These defenses proteet 
us against any harmful agent that enters the body, such as 
an infectious organism. They also proteet us against abnor- 
mal eells that arise within the body, such as tumor eells (see 
Box 15-1). Although immune defenses are eritieal to protee- 
tion from eaneer, this seetion eoneentrates on immunity as it 
applies to invasion by infectious organisms. Some immune 
defenses eombat any foreign agent, while others are effee- 
tive against a particular pathogen type or a speeifie patho- 
gen. Seientists use the term immnne system to deseribe all 
the eells and tissues that proteet us against foreign organ- 
isms or any eells different from our own normal eells. 

The features that proteet the body against disease are 
usually eonsidered successive “lines of defense” beginning 
with the relatively simple outer barriers and proeeeding 
through progressively more eomplieated, internal responses. 
Our defenses ean be eategorized as innate or adaptive. Innate 
defenses are inborn, that is, they are inherited along with all of 
a person’s other eharaeteristies. Adaptive defenses, discussed 
later, develop after exposure to a particular pathogen and are 
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k CLOSER LOOK 


lmmune Surveillance 


Cancer eells differ slightly from normal 
body eells and therefore the immune sys- 
tem should reeognize them as "nonself."The 
faet that people with AIDS and other immune 
system defìeieneies develop eaneer at a higher rate than nor- 
mal suggests that this is true. Cancer eells probably form eon- 
tinuously in the body but normally are destroyed by NK eells, 
cytotoxicTcells,and maerophages in a proeess ealled immune 
surveillance (sur-VAY-lans) (see fìgure). As a person ages, eell- 
mediated immunity deelines, and eaneer is more likely to 
develop. 

Medieal seientists are attempting to treat eaneer by stim- 
ulating the patient's immune responses, a praetiee ealled 
immunotherapy. In one approach,T eells are removed from 
the patient, aetivated with eytokines, and then reinjeeted. 
This method has given some positive results, espeeially in 
treatment of melanoma,a highly malignant form of skin ean- 
eer. Another approaeh uses laboratory-produced antibodies 
to bloek inhibitors on T eells that normally prevent them from 
attaeking tumors. 



Box 15-1 





Immune surveillance. Tumors ean occur when abnormal eells 
evade immune surveillance. 


speeifie to that pathogen. Adaptive defenses are slower but 
ean eompletely eliminate a speeifie pathogen from the body 
as well as prevent future infeetions. 

Innate Imnrmnity 

Innate responses are very rapid, are relatively nonspeeifie, 
and ean help prevent or slow infeetions. They include barri- 
ers and eertain internal cellular and metabolie responses that 
proteet against any foreign invaders or harmful substances. 

THE FIRST LINE OF DEFENSE: INNATE 
BARRIERS 

The first defense against invading organisms includes ehemieal 
and meehanieal barriers, such as the following (Fig. 15-7): 

■ The skin serves as a meehanieal barrier as long as it remains 
intaet. A serious danger to burn vietims, for example, is 
the risk of infeetion resulting from skin destmetion. 

■ The mucous membranes that line the passageways lead- 
ing into the body also aet as barriers, trapping foreign 
material in their stieky seeretions. The eilia in mem- 
branes in the upper respiratory traet help sweep impuri- 
ties out of the body. 

■ Body seeretions, such as tears, perspiration, and saliva, wash 
away mieroorganisms and may eontain aeids, enzymes, 
or other ehemieals that destroy invaders. Digestive juices 
destroy many ingested baeteria and their toxins. 

■ Certain reflexes aid in the removal of pathogens. Sneezing 
and coughing, for instanee, tend to remove foreign mat- 
ter including mieroorganisms from the upper respiratory 


traet. Vomiting and diarrhea are ways in which ingested 

toxins and baeteria may be expelled. 

THE SEC0ND LINE OF DEFENSE: INNATE 
CELLS AND CHEMICALS 

If an organism has overeome initial defenses, we have a num- 
ber of internal aetivities that constitute a seeond line of defense 
(see Fig. 15-7). Although we present them in a separate 
eategory, you will see later in this ehapter that many partieipate 
in and promote adaptive immune responses. Innate immunity 
was previously deseribed as nonspeeifie immnnity, but we now 
know that baeteria, vimses, and eaneer eells induce distinet 
innate responses. 

For many years, seientists did not know how the eells 
of the innate immune system were able to differentiate 
between body eells and foreign eells. Reeently, it was dis- 
eovered that innate immune eells possess a speeifie elass 
of reeeptors ealled toll-like reeeptors (TLRs). (Toll means 
“great” in German.) Different TLRs reeognize different 
types of pathogens. For instanee, one TLR reeognizes bae- 
terial eell walls, whereas other TLRs reeognize eharaeter- 
isties of viral DNA. While TLRs eannot identify speeifie 
pathogens, they ean identify speeifie patterns that strongly 
suggest that a eell is “nonself,” and they ean also distin- 
guish between different pathogen types. These harmful 
eells ean then be eliminated by various pathways, includ- 
ing phagoeytosis. 

PhagoeytOSÍS In the proeess of phagoeytosis, white 
blood eells take in and destroy waste (including worn- 
out eells), eaneer eells, and pathogens. (See Fig. 12-5 in 
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Normal body eells 




Cancer eell 


ri6rs: skin ’ mucous membranes, body secreW> nS ’ 




Pathogens 



Lines of defense. KEY POINT Physieal barriers are the fìrst line of defense 


Figure 15-7 


against pathogens. The innate and adaptive arms of the immune system are the seeond and third lines. 


Chapter 12.) Neutrophils, a eategory of granular leuko- 
eytes, are important phagoeytie white blood eells. (See 
Table 12-2 in Chapter 12.) Another aetive phagoeyte is 
the maerophage (MAK-ro-faj). (The name maeropbage 
means “big eater.”) Maerophages are large white blood 
eells derived from monoeytes, a type of agramilar leuko- 
eyte. Monoeytes develop into maerophages upon entering 
the tissues. Some maerophages remain fixed in the tissues, 
for example, in the skin, liver, lungs, lymphoid tissue, bone 
marrow, and soft eonneetive tissue throughout the body. 
In some organs, maerophages are given speeial names. 
For example, Kupffer (KOOP-fer) eells are maerophages 
loeated in the lining of the liver simisoids (blood ehannels). 
In the lungs, where they ingest solid partieles, maerophages 
are ealled dust eells. 

Natliral Killer Cells The natural killer (NK) eell is a 

type of lymphoeyte different from those aetive in adaptive 
immunity, which are deseribed later. NK eells possess TLRs 
and other reeeptors that deteet antigen patterns found in 
pathogens and cancerous body eells but not in healthy eells. 
As the name indieates, NK eells kill foreign and abnormal 
eells on eontaet. NK eells are found in the lymph nodes, 
spleen, bone marrow, and blood. They destroy abnormal 
eells by seereting a protein that breaks down the plasma 
membrane. 


Oytokines and Other ehemieals Seientists have 

identified a huge number of ehemieal mediators involved 
in innate immunity, a few of which are summarized in 
Table 15-1. A eytokine (Sl-to-kine) is a peptide pro- 
duced by immune eells or other body eells that is used 
for cellular signaling (the name means “eell aetivator”). 
Many eytokines modulate the immune response; these 
include interleukins (in-ter-LU-kinz) (IL) and interfer- 
ons (in-ter-FERE-onz). Immune eells also produce many 
noneytokine molecules that aetivate innate immune 
responses, including histamine (HlS-tah-mene) and pros- 
taglandins. Finally, eomplement (KOM-ple-ment) is a 
group of proteins that circulate in blood in inaetive forms. 
They are aetivated by tissue damage or the presenee of 
pathogens. These ehemieals work together with immune 
eells to promote inflammation and fever , two generalized 
innate imrmme responses that fight pathogens. Before we 
explain these important proeesses, we must first discuss 
interferons and eomplement in greater detail. 

Interferons Oertain eells infeeted with a virus release a 
substance that prevents nearby eells from producing more 
viruses. This substance was first found in eells infeeted with 
influenza virus, and it was ealled “interferon” because it 
“interferes” with multiplication and spread of the virus. 
Interferon is now known to be a group of substances. Eaeh is 
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Seleeted Chemicals of Innate Immunity° 



Chemical 


Producing Cells 


Aetìons 


Cytokines 

Interleukins 

Interferons (alpha and beta) 

Noneytokines 

Histamine 

Prostaglandins 

Complement 

a Note that many of these ehemieals 


Aetivated maerophages and other 
immune eells 

Released by virus-infected eells 

Mast eells 


Mast eells, neutrophils, and other 
immune eells 

Synthesized in the liver; found 
in blood in their inaetive forms 


are also aetive in adaptive immunity. 


Various aetions; some promote 
inflammation and fever 

Bloek vimses from infeeting other eells; 
aetivate natural killer eells 


Dilates arterioles and inereases eapillary 
leakiness, resulting in redness and 
swelling 

Similar effeets as histamine; aetivate 
pain reeeptors 

Aetivates mast eells; lyses pathogens; 
stimulates phagoeytosis 


abbreviated as IFN with a Greek letter, alpha (a) or beta (P), 
to indieate different eategories. 

Pure interferons are now being produced by genetie 
engineering in mieroorganisms, making adequate quanti- 
ties for medieal therapy available. They are used to treat 
eertain viral infeetions, such as hepatitis. Interferons are 
also of interest because they aet nonspeeifieally on eells 
of the immune system. They have been used with varying 


success to boost the immune response in the treatment of 
disease. 

Comp/emenÌ The destmetion of foreign eells sometimes 
requires the aetivity of a group of nonspeeifie proteins in the 
blood, together ealled eomplement (Fig. 15-8). Complement 
proteins are always present in the blood, but they must be 
aetivated by eontaet with foreign eell surfaces or by speeifie 
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Figure 15-8 


Complement. KEY POINT Complement partieipates in the destruction of pathogens. A. Complement proteins attraet 
phagoeytes to an area of inflammation and help them attaeh to and engulf a foreign organism.The organism is enelosed in a phagoeytie 
vesicle,which then merges with a lysosome. Lysosomal enzymes digest the organism. B. A complex of speeifie eomplement proteins forms the 
membrane attaek complex. 
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immune complexes (deseribed shortly). Complement is so 
named because it eomplements (assists with) immune reae- 
tions. Some of eomplement’s aetions are to 

■ Bind to foreign eells to help phagoeytes reeognize and 
engulf them (Fig. 15-8A) 

■ Destroy eells by forming ehannels ealled membrane attaek 
complexes (MACs) in pathogens’ membranes; water 
enters the pathogen, resulting in eell rupture (Fig. 15-8B) 

■ Promote inflammation by inereasing eapillary permeability 

■ Attraet phagoeytes to an area of inflammation 

Inflammation Inflammation is a nonspeeifie defensive 
response to a tissue-damaging irritant. Any irritant ean 
cause inflammation: frietion, x-rays, fire, extreme tem- 
peratures, and wounds, as well as caustic ehemieals and 
eontaet with allergens. These ean all be elassified as irri- 
tants. Often, however, inflammation results from irritation 
caused by infeetion. With the entranee and multiplication 
of pathogens, a whole series of defensive proeesses begins 
(Fig. 15-9). This inflammatory reaetion is aeeompanied by 
four elassie symptoms: heat, redness, swelling, and pain, 
as deseribed below. 

Tissue injury or pathogens aetivate mast eells, baso- 
phil-like immune eells in tissues that produce histamine. 
Histamine causes loeal blood vessels to dilate (widen) and 
beeome leaky. Blood plasma leaks out of the vessels into the 
tissues and begins to elot, thus limiting the spread of infee- 
tion to other areas. The inereased blood flow causes heat 
and redness. 

Pathogens also aetivate resident immune eells, which 
release eytokines and other inflammatory ehemieals. Some 
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Figure 15-9 


| Inflammation. 1 KEY POINT Acute 


inflammation involves eomponents in blood and tissues. 

ZOOMING IN What causes the heat, redness,swelling, 
and pain eharaeteristie of inflammation? 


of these ehemieals attraet leukocytes to the area, espeeially 
neutrophils and monoeytes. These eells enter the tissue 
through gaps in the eapillary wall, and monoeytes eonvert 
into maerophages. The resident immune eells and the new 
arrivals work together to phagoeytose pathogens and dam- 
aged eells. 

The mixture of leukocytes and fluid, the inflamma- 
tory exudate, contributes to swelling and puts pressure on 
nerve endings, causing pain. Substances seereted from the 
aetivated immune eells, including prostaglandins, eytokines, 
and histamine, also contribute to the pain of inflammation. 
Phagoeytes are destroyed in large numbers as they work, and 
dead eells gradually accumulate in the area. The mixture of 
exudate, living and dead white blood eells, pathogens, and 
destroyed tissue eells is ealled “pus.” 

Meanwhile, the lymphatie vessels begin to drain fluid 
from the inflamed area and earry it toward the lymph nodes 
for filtration. The regional lymph nodes beeome enlarged and 
tender, a sign that they are performing their proteetive func- 
tion by working overtime to produce phagoeytie eells that 
“elean” the lymph flowing through them (see Fig. 15-3). 


See the Student Resources on thePoinf for a diagram 
summarizing the events in inflammation and for 
the animation “Acute Inflammation.” 


Fever An inerease in body temperature above the normal 
range ean be a sign that body defenses are aetive. When 
phagoeytes are exposed to infeeting organisms, they release 
substances that raise body temperature. Fever boosts the 
immune system in several ways. It stimulates phagoeytes, 
inereases metabolism, and deereases eertain disease organ- 
isms’ ability to multiply. 

A eommon mispereeption is that fever is a dangerous 
symptom that should ahvays be eliminated. Control of fever 
in itself does little to alter the course of an illness. Healtheare 
workers, however, should always be alert to fever develop- 
ment as a possible sign of a serious disorder and should ree- 
ognize that an inereased metabolie rate may have adverse 
effeets on a weak patient’s heart. 


CHECKPOINTS 



□ i 5-8 What constitutes the fìrst line of defense against the 

invasion of pathogens? 


□ i 5-9 What are two types of eomponents in the seeond line 

of defense against infeetion? 


15-10 What are the four signs of infìammation? 

□ i 5-11 What are three ways that fever boosts the immune 

system? 
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15-6 What were signs of inflammation in Lucas A ease? 

15-7 What other signs were there in Lucas'ease that his body 
was fìghting an infeetion? 
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Adaptive lmmunity: The Final 
Line of Defense 

Adaptive immimity to disease ean be defined as an individual’s 
power to resist or overeome the effeets of a partienlar disease 
agent or its harmful products. These defense meehanisms also 
reeognize and attaek potentially useful, but foreign, materials, 
such as transplanted organs. Adaptive immunity is a selee- 
tive proeess (i.e., immunity to one disease does not neeessar- 
ily cause immunity to another). This seleetive eharaeteristie is 
ealled speeifieity (spes-ih-FIS-ih-te). 

Adaptive immunity is also termed acquired immunity, 
because it develops during a person’s lifetime as he or she 
encounters various speeifie harmful agents. If the following 
deseription of adaptive immunity seems complex, bear in mind 
that from infaney onward, your immune system is able to pro- 
teet you from millions of foreign substances, even synthetie 
substances not found in nature. All the while, the system is kept 
in eheek so that it does not usually overreaet to produce aller- 
gies or mistakenly attaek and damage your own body tissues. 

ANTIGENS 

Speeifie immunity is based on the body’s ability to reeognize 
a particular foreign substance. Any foreign substance that 
induces an immune response is ealled an antigen (AN-te-jen) 
(Ag). (The word is formed from antibody + gen , because an 
antigen generates antibody production.) Most antigens are 
large protein molecules, but earbohydrates and some lipids 
also may aet as antigens. Normally, only nonself antigens 
stimulate an immune response. Such antigens ean be found on 
the surfaces of pathogenie organisms, transfused blood eells, 
transplanted tissues, cancerous eells, and also on pollens, in 
toxins, and in foods. The eritieal feature of any substance 
deseribed as an antigen is that it stimulates the aetivity of eer- 
tain lymphoeytes elassified as T or B eells. 

T CELLS 

Both T and B eells eome from hematopoietie (blood-forming) 
stem eells in bone marrow, as do all blood eells. The T and B 
eells differ, however, in their development and their methods 
of aetion. Some of the immature stem eells migrate to the 
thynrns and beeome T eells, which constitute about 80% of 
the lymphoeytes in the circulating blood. While in the thy- 
mus, these T lymphoeytes multiply and beeome eapable of 
eombining with speeifie foreign antigens, at which time they 
are deseribed as sensitized. These thymus-derived eells pro- 
duce an immunity that is said to be eell-mediated immunity. 

There are several types of T eells, eaeh with different 
fimetions. The different types and some of their functions are 
as follows: 

■ Cytotoxic T eells (T ) destroy eertain abnormal eells 

e 

direetly. They reeognize eells infeeted with vimses or 
other intracellular pathogens, eaneer eells, and foreign 
antigens present in transplanted tissue. They are able to 
form pores in the plasma membranes of these eells and 


insert enzymes that destroy the eell. They also produce 
substances that cause the eells to “self-destruct”. 

■ Helper T eells (T h ) are essential to the imrmme response 
through the release of interleukins. These substances stim- 
ulate the production of cytotoxic T eells as well as B eells 
and maerophages. (Interleukins are so named because they 
aet between white blood eells.) There are several subtypes 
of helper T eells, one of which is infeeted and destroyed 
by the AIDS virus (HIV). The HlV-targeted T eells have a 
speeial surface reeeptor (CD4) to which the virus attaehes. 

■ Regulatory T eells (T ) suppress the immune response in 
order to prevent overaetivity. These T eells may inhibit 
or destroy aetive lymphoeytes. 

■ Memory T eells remember an antigen and start a rapid 
response if that antigen is eontaeted again. 

The T-eell portion of the immune system is generally respon- 
sible for defense against eaneer eells, eertain vimses, and other 
pathogens that grow within eells, as well as for the rejeetion of 
tissue transplanted from another person. 

Antigen-Presenting Cells T eells eannot respond to 

foreign antigens direetly. Instead, the antigen must be “pre- 
sented” to them by an antigen-presenting eell (APC). The 
most important APCs are dendritie (den-DRIT-ik) eells, large 
phagoeytie eells derived from monoeytes or lymphoeytes 
and named for their many fibrous proeesses. Maerophages 
and some lymphoeytes ean also aet as APCs. An APC is a 
proeessing eenter for foreign antigens. First, it ingests the 
foreign material, such as a disease organism, enelosing it 
in a vesiele. As is typieal in phagoeytosis, this vesiele then 
merges with a lysosome filled with digestive enzymes that 
break down the organism (Fig. 15-10). However, the APC 
then inserts fragments of the foreign antigen into its plasma 
membrane—in a sense, advertising them to helper T eells. 
They display the foreign antigen in eombination with anti- 
gens that a T h eell ean reeognize as belonging to the “self.” 
Self-antigens are known as MHC (major histoeompatibil- 
ity complex) antigens because of their importanee in eross- 
matehing for tissue transplantation. They are also known 
as HLAs (human leukocyte antigens), because white blood 
eells are used in testing tissues for eompatibility. 

For a T h eell to reaet with a foreign antigen, that antigen 
must be presented to the T h eell along with the MHC proteins. 
A speeial reeeptor on the T h eell must bind with both the MHC 
protein and the foreign antigen fragment (see Fig. 15-10). The 
aetivated T h eell then produces various eytokines that stiimilate 
the production and aetivity of different lymphoeytes. Because 
eytokines stimulate the eells aetive in immunity, they are used 
medieally to boost the immune system. 


CHECKPOINTS 



15-12 What is adaptive immunity? 

15-13 What is an antigen? 

15-14 Listfour types ofT eells. 

15-15 What is the role of APCs in immiinity? 



314 Unit 4 Circulation and Body Defense 


Foreign antigen 



T eell reeeptor 


HelperT eell 


MHC protein 



Lysosome 


Phagoeytie vesiele with 
lysosomal enzymes 


Antigen fragment 


o Dendritie eell ingests 

foreign antigen 


antigen fragment with 
MHC proteins to 
helperT eell 


Aetivated helper 
Teell 


Cytokines 



Aetivated helperT eell 
produces eytokines, 
which stimulate 
other leukocytes 


Figure 15-10 


Aetivation of a helperT eell by a dendritie eell (antigen-presenting eell, APC). KEY POINT 

An antigen-presenting eell (APC) displays digested foreign antigen on its surface along with self major 
histoeompatibility complex (MHC) antigen.A helperT eell is aetivated by eontaet with this complex and produces 



stimulatory interleukins. v ZOOMING IN What is eontained in the lysosome that joins the phagoeytie vesiele? 
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15-8 Which type of T eell would be direetly responsible for 
eliminating Lucas's EBV-infeeted eells? 


B CELLS AND ANTIBODIES 

B eells (B lymphoeytes) are the seeond main elass of lympho- 
eytes aetive in immunity. Whereas T eells mature in the thy- 
mus, B eells mature in the red bone marrow before beeoming 
aetive in the blood. B eells function in immunity by producing 
Y-shaped proteins ealled antibodies (Ab), also known as immu- 
noglobnlins (Ig), in response to a foreign antigen. (Globulins, 
in general, are a elass of folded proteins deseribed in Chapter 2. 
Another example of these proteins is hemoglobin.) 

B eells have surface reeeptors that bind with a speeifie 
type of antigen (Fig. 15-11). Exposure to the antigen stimu- 
lates the eells to rapidly multiply and produce large num- 
bers (elones) of plasma eells. These mature eells produce 
antibodies against the original antigen and release them 
into the blood, providing a form of immunity deseribed as 
humoral immunity (the term bnmoral refers to body fluids). 
Humoral immunity is long term and generally proteets 
against circulating antigens and baeteria that grow outside 
the eells (extracellular pathogens). All antibodies are eon- 
tained in a portion of the blood plasma ealled the gamma 
globulin fraetion. 

The antibody that is produced in response to a speeifie 
antigen, such as a baeterial eell or a toxin, has a shape that 
matehes some part of that antigen, much in the same way 
that a key’s shape matehes the shape of its loek. The anti- 
body ean bind only to the antigen that caused its production. 
Antibodies do not destroy eells direetly; rather, they assist in 
the immune response. For example, they prevent a patho- 
gen’s attaehment to a host eell; help with phagoeytosis; aeti- 
vate NK eells; and neutralize toxins. The antigen-antibody 
complex may aetivate the eomplement system, which helps in 


immunity, as previously deseribed. These antigen-antibody 
interaetions are illustrated, and their proteetive effeets are 
deseribed in Table 15-2. 

Notiee in Figure 15-11 that some of the aetivated B eells 
do not beeome plasma eells but, like eertain T eells, beeome 
memory eells. These do not immediately produce antibodies. 
Instead, they circulate in the bloodstream and upon repeated 
eontaet with an antigen, immediately begin dividing to pro- 
duce many aetive plasma eells. Because of this “imrmmologie 
memory,” one is usually immune to a ehildhood disease, such 
as chickenpox, after having it. 

Figures 15-11 and 15-12 illustrate this seeondary 
response. There are five different elasses of antibodies distin- 
guished by their loeations and functions. The antibodies in 
this figure are designated as IgM (immunoglobulin M) and 
IgG (immunoglobulin G). IgM is the first type of antibody 
produced in an immune response, followed shortly by IgG. A 
seeond encounter with the antigen stimulates production of 
both types of antibodies but has a much greater effeet on IgG 
production. These and the other elasses of immunoglobulins 
are deseribed in Box 15-2. 


CHECKPOINTS 



15-16 What is an antibody? 

□ i 5-17 What type of eell produces antibodies? 


ensEPOim 



15-9 Which eells of the imrrmne system should make Lucas 
immune to a seeond infeetion of mono? 


See the Student Resources on thePoinf for the ani- 
mation “lmmune Response.” 
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Aetivation: 
Pathogen binds 
B-eell reeeptor. 



Initial 

antigen 

exposure 



B-eell reeeptor 
Pathogen 


Beell 



Primary response: 

Aetivated B eell divides to 
produce many elones. Most 
elones differentiate into 
antibody-producing plasma 
eells. 


Plasma 




A few elones do not 
differentiate, remaining 
as memory B eells 
(shown on right). 


Mitosis 



Memory B eell 





Antibody- 

eontaining 

vesiele 



Antibody 


4 










Subsequent 

antigen 

exposure 




Mitosis 


Aetivated memory 
Beell 



Seeondary response: 

When the memory eell 
encounters its antigen, it 
rapidly produces many plasma 
eells and more memory eells. 








Plasma eells 
















Memory B 
eells 


Figure 15-11 


Aetivation of B eells. ' _ KEY POINTThe B eell eombines with a speeifìe antigen.The eell divides 
to form plasma eells, which produce antibodies.Some of the eells develop into memory eells, which proteet against 
reinfeetion . 1 _ ZOOMING IN What two types of eells develop from aetivated B eells? 


TYPES OF ADAPTIVE IMMLINITY 

As we have just seen, adaptive immunity may develop natu- 
rally through eontaet with a speeifie disease organism. In 
this ease, the infeeted person’s T eells and antibodies aet 


against the infeeting agent or its toxins. The infeetion that 
triggers the immunity may be so mild as to cause no symp- 
toms (subclinical). Nevertheless, it stimulates the host’s 
imrmme response. Moreover, eaeh time a person is invaded 



Antigen-Antibody interaetions and Their Effeets 




interaetion 


Effeets 


Prevention of attaehment 
Clumping of antigen 
Neutralization of toxins 
Help with phagoeytosis 
Aetivation of eomplement 

Aetivation of NK eells 


A pathogen eoated with antibody is prevented from attaehing to a eell. 

Antibodies ean link antigens together, forming a cluster that phagoeytes ean ingest. 

Antibodies bind to toxin molecules to prevent them from damaging eells. 

Phagoeytes ean attaeh more easily to antigens that are eoated with antibody. 

When eomplement attaehes to antibody on a eell surface, a series of reaetions begins 
that aetivates eomplement to destroy eells. 

NK eells respond to antibody adhering to a eell surface and attaek the eell. 














































316 Unit 4 Circulation and Body Defense 


0 


cc 

0 

> 


o 


< 


1000 


Primary response 


Seeondary response 


100 


10 


1 


0.1 





0 

i 


14 

Days 


28 

i 


42 


56 


First exposure 


Seeond exposure 


Figure 15-12 


Production of antibodies (Ab ). ( J KEY POINT 

Antibodies or immunoglobulins (Ig) are produced in response to a 
fìrst encounter with a foreign antigen. A seeond exposure produces 
a greater response. lmmunoglobulin M (IgM) and immunoglobulin 
G (IgG) are two of the five elasses of antibodies. 


by the disease organism, his or her eells will respond to the 
infeetion. Such immmhty may last for years, and in some 
eases for life. Because the host is aetively involved in gen- 
erating proteetion, this type of immunity is deseribed as 
aetive. Because the immmhty is formed against harmful 
agents encountered in the normal course of life, it is ealled 
natural aetive immunity (Fig. 15-13). 


Immmhty also may be acquired naturally by the pas- 
sage of antibodies from a mother to her fetus through the 
plaeenta. Because these antibodies eome from an outside 
source, this type of immmhty is ealled natural passive immu- 
nity. The antibodies obtained in this way do not last as long 
as aetively produced antibodies, but they do help proteet the 
infant for about six months, by which time the ehild’s own 
immune system begins to function. Nursing an infant ean 
lengthen this proteetive period because the mother’s speeifie 
antibodies are present in her breast milk and eolostmm (the 
first breast seeretion). These are the only known examples 
of naturally acquired passive immunity. 

A person who has not been exposed to a particular patho- 
gen has no antibodies or T eells against that organism and 
may be defenseless against infeetion. Therefore, medieal per- 
sonnel may use artifieial measures to establish immunity. As 
with naturally acquired immunity, artifieially acquired immu- 
nity may be aetive or passive (see Fig. 15-13). Artifieial aetive 
immunity results from the use of a vaeeine (vak-SENE), a 
prepared substance that initiates an immune response against 
a particular pathogen. This type of immunity is deseribed as 
aetive because the reeipient’s own immune system is at work. 
Artifieial passive immmiity, on the other hand, involves 
the administration of antibodies obtained from an outside 
source, a preparation known as an antisemm. Vaeeines and 
antisera are discussed in greater detail next. 


C7\SEP0MT 



15-10 What type of immimity will Lucas develop against the 

virus that causes mono? 



A eLOSER LOOK 


Antibodies: A Protein Army That Fights Disease 


Box 15-2 


Antibodies are proteins seereted by plasma 
eells (aetivated B eells) in response to speeifie 
antigens. They are all eontained in a fraetion 
of the blood plasma known as gamma globulin. 
Because the plasma eontains other globulins as well, antibod- 
ies have beeome known as immunoglobulins (Ig). lmmunologic 


studies have shown that there are several elasses of immuno- 
globulins that vary in molecular size and in function (see below). 
Studies of these antibody fraetions ean be helpful in making a 
diagnosis. For example, high levels of IgM antibodies, because 
they are the first to be produced in an immune response, indieate 
a reeent infeetion. 


Class Abundance Characteristics and Function 


IgG 

75% 

Found in the blood, lymph, and intestines 

Enhanees phagoeytosis, neutralizes toxins, and aetivates eomplement 

Crosses the plaeenta and eonfers passive immunity from mother to fetus 

IgA 

15% 

Found in glandular seeretions such as sweat, tears, saliva, mucus, and digestive juices 
Provides loeal proteetion in mucous membranes against baeteria and virnses 

Also found in breast milk, providing passive immunity to newborn 

IgM 

5-10% 

Found in the blood and lymph 

The first antibody to be seereted after infeetion 

Stimulates agglutination and aetivates eomplement 

IgD 

<1% 

Loeated on the smfiaee of B eells 

IgE 

<0.1% 

Loeated on basophils and mast eells 

Aetive in allergie reaetions and parasitie infeetions 
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Adaptive immunity 
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Artifieial 




Aetive 


Passive 


Aetive 


Passive 

Contact with 


Plaeenta 


Vaeeine: 


Imrrmne 

the disease 


Mother's milk 


Killed 

Attenuated 


serum 







Toxoid 



Component 
Reeombinant DNA 


Adaptìve immiinity. KEY POINT Adaptive 


Figure 15-13 


immunity, also ealled acquired or speeifìe immunity, is a response to 
a particular antigen. Adaptive immunity may develop naturally (as 
by eontaet with the disease) or by artifieial means (as by vaeeination). 
Both natural and artifieial adaptive immunity may be aetive (generated 
by the individual) or passive (provided from an outside source). 


VACCINES 

The administration of vimlent pathogens to stimulate 
immunity obviously would be dangerous. Instead, labo- 
ratory workers treat the harmful agent to reduce its viru- 
lenee before it is administered. In this way, the antibodies 
are produced without causing a serious illness. This pro- 
teetive proeess is known as immunization, or vaeeina- 
tion (vak-sin-A-shun). Ordinarily, the administration of a 
vaeeine is a preventive measure designed to provide pro- 
teetion in antieipation of eontaet with a speeifie disease 
organism. 

Originally, the word vaeeination meant inoculation 
against smallpox. (The term even eomes from the Latin 
word for cow , referring to cowpox, which was used to vae- 
einate against smallpox.) Aeeording to the World Health 
Organization, however, smallpox has now been elimi- 
nated as a result of widespread immunization programs. 
Mandatory vaeeination against smallpox has been diseon- 
tinued because the ehanee of adverse side effeets from the 
vaeeine is thought to be greater than the probability of eon- 
traeting the disease. 

All vaeeines earry a small risk of adverse side effeets 
and may not be advisable in some eases. People who have 
a depressed immune system, for example, should not be 
given vaeeines that eontain a live virus. Also, pregnant 
women should not reeeive live virus vaeeines because the 
virus could eross the plaeenta and harm the fetus. In gen- 
eral, however, vaeeines are extensively tested for safety, 
and for most people, their potential benefits far outweigh 


their risks. Moreover, the vaeeination of most people in 
a given area proteets individuals who eannot be vaeei- 
nated for some reason because the pathogen will laek a 
susceptible population in which to spread. Deelining levels 
of measles vaeeinations, for instanee, have reeently led to 
inereased infeetion rates. 

ypes of Vaeeines Vaeeines ean be made with live 

organisms or with organisms killed by heat or ehemi- 
eals. If live organisms are used, they must be nonvirulent 
for humans, such as the cowpox virus used for smallpox 
immunization, or they must be treated in the laboratory to 
weaken them as human pathogens. An organism weakened 
for use in vaeeines is deseribed as attenuated. Another type 
of vaeeine is made from the toxin produced by a disease 
organism. The toxin is altered with heat or ehemieals to 
reduce its harmfulness, but it ean still function as an antigen 
to induce immunity. Such an altered toxin is ealled a toxoid. 

The newest types of vaeeines are produced from anti- 
genie eomponents of pathogens or by genetie engineering. By 
techniques of reeombinant DNA, the genes for speeifie dis- 
ease antigens are inserted into the genetie material of harm- 
less organisms. The antigens produced by these organisms 
are extracted and purified and used for immunization. The 
hepatitis B vaeeine is produced in this manner. 

Boosters In many eases, an aetive immunity acquired by 
artifieial (or even natural) means does not last a lifetime. 
Circulating antibodies ean deeline with time. To help main- 
tain a high titer (level) of antibodies in the blood, repeated 
inoculations, ealled booster sbots , are administered at 
intervals. The number of booster injeetions reeommended 
varies with the disease and with an individual’s environ- 
ment or degree of exposure. On oeeasion, epidemies in 
high sehools or eolleges may prompt reeommendations for 
speeifie boosters. able 15-3 lists the vaeeines currently 
reeommended in the United States. The number and timing 
of doses vary with the different vaeeines. 


Nurse praetitioners often preseribe and administer 
vaeeines. See the Student Resources on thePoint® to 
read about this eareer and speeifieally about pedi- 
atrie nurse praetitioners. 


ANTISERIIM 

Aetive immunity, either natural or artifieial, requires several 
weeks or longer to fully develop. Therefore, a person who 
reeeives a large dose of vimlent organisms and has no estab- 
lished immunity to them is in great danger. To prevent illness, 
the person must quickly reeeive counteracting antibodies from 
an outside source. This is aeeomplished through the admin- 
istration of an antisemm or immnne semm. The “ready- 
made” semm gives short-lived but effeetive proteetion against 
the organisms in the form of an artifieially acquired passive 
immunity. Antisera are used, for instanee, to treat snake bites 
and hepatitis outbreaks. 
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r. 


Table 15-3 


Immunizations a 




Vaeeine 

Disease(s) 

DTaP 

Diphtheria, tetanus, pertussis 
(whooping cough) 

Hib 

Haemophilus influenza type b 
(spinal meningitis) 

HepA 

Hepatitis A virus 

HepB 

Hepatitis B 

Influenza 

Influenza (“flu”) 

MMR 

Measles, mumps, rnbella 

PCV 

Pneumococcus (pneumonia, 
meningitis) 

Polio vaeeine (IPV) 

Poliomyelitis 

Rotavims (RV) 

Rotavims gastroenteritis 

Varieella 

Chickenpox 

HPV 

Human papillomavims 

Meningoeoeeal 

Meningococcus 

Zoster 

Shingles 


Schedule 

2,4, 6, and 15-18 mo; 4-6 y; pregnant women 

Diphtheria and tetanus toxoid (Td) at 11-12 y; booster every 10 y 

2 and 4 mo or 2,4, and 6 mo depending on type used 

12-23 mo; seeond dose 6 mo later 

Birth, 1-2 mo, 6-18 mo 

Yearly from 6 mo to 6 y 

15 mo and 4-6 y 

2,4, 6, and 12-15 mo; after 65 y 

2 and 4 mo, 6-18 mo, and 4-6 y 

2 and 4 mo or 2,4, and 6 mo, depending on the version used 
12-15 mo and 4-6 y 

Three doses administered between 11 and 26 y (sooner is better) 
High risk: 9 mo to 10 y 
Routine: 11-12 y, 16 y 
After 60 y of age 


“Reeommended by the Advisory Committee on Immimization Praetiees (www.cdc.gov/vaccines/recs/acip), the Ameriean Aeademy of Pediatries (www.aap. 
org), and the Ameriean Aeademy of Family Physieians (www.aafp.org). Information is also available through the National Imrmmization Program Web 
site (www.cdc.gov/vaccines). 


Immune sera often are prepared in animals, mainly 
horses, but ean also be derived from human serum. It has 
been found that the horse’s tissues produce large quanti- 
ties of antibodies in response to the injeetion of organisms 
or their toxins. After repeated injeetions, the horse is bled 
aeeording to careful sterile technique; because of the ani- 
mal’s size, it is possible to remove large quantities of blood 
without causing injury. The blood is allowed to elot, and the 
serum is removed and paekaged in sterile eontainers. 

m Remember that antibodies are also ealled immnno- 
globnlins. So, immunoglobulin administration resnlts in pas- 
sive immnnity. 


CHECKPOINTS 



Ch 5-18 What is the differenee between aetive and passive 

adaptive immunity? 


□ i 5-19 What is the differenee between natural and artifieial 

adaptive imrrmnity? 


15-20 What is a vaeeine? 

O 15 -21 What is a booster? 

15-22 What is an antiserum, and when are antisera used? 
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A & P in Aetion Revisited 


Liteas’s Monomteleosis 


Lucas's throat cuLture eame baek positive for strep- 


íì 


We ean treat your symptoms and offer support. 


toeoeeaL infLammation of the throat. His bLood tests but there is no cure for mono. We just have to Let it 
shovved an inerease in the number of Lymphoeytes. run its course" Dr. Fiseher said. "That means you need 

Lucas aLso tested positive in the monospot test for to get Lots of rest, and you vviLL need to drink Lots of 
antibodies to the Epstein-Barr virus (EBV), the usuaL fLuids." 


cause of infectious mononucLeosis. That resuLt in eom- 
bination vvith the sore throat, enLarged Lymph nodes. 


Lucas vvas disappointed vvhen he Learned that 
he couLd not partieipate in marehing band prae- 


enLarged spLeen, fever, fatigue, and Loss of appetite tiee for a vvhiLe. Dr. Fiseher expLained that Lucas 

aLL pointed to mono. Dr. Fiseher toLd Lucas that this wouLd be tired for a coupLe more weeks, but that he 

iLLness is frequentLy spread through eontaet with oraL shouLd reeover eompLeteLy and most LikeLy be abLe 

seeretions and that sharing the new band member's to partieipate in the band eompetitions the foLLow- 


tuba might not have been a good idea. 


ing month. 







320 Unit 4 Circulation and Body Defense 


CHAPTER 



Chapter Wrap-Up 


Smnmary 0verview 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 


Lymphatie 
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Lymphatie 

circulation 
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imrrmnity 


Adaptive 

immunity 
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- Proteetion 

L Fat absorption 
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- Interferon 
-Complement 

- Inflammation 
L Feve r 
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-Cell-mediated 
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- Cell types 
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Artifieial passive 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


adenoid 

eytokine 

interleukin 

plasma eell 

antibody 

dendritie eells 

lymph 

spleen 

antigen 

GALT 

lymphatie duct 

T eell 

antisemm 

gamma globulin 

lymph node 

thymus 

antitoxin 

immunity 

maerophage 

tonsil 

attenuated 

immunization 

MALT 

toxin 

B eell 

immunoglobulin 

mast eell 

toxoid 

ehyle 

inflammation 

natural killer (NK) eell 

vaeeine 

eomplement 

interferon 

phagoeytosis 



Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Lymphoid Tissne 

aden/o 

gland 

The adenoids are glandlike tonsils. 

lingu/o 

tongue 

The lingnal tonsils are at the baek of the tongue. 

-oid 

like, resembling 

Lymphoid tissue makes up the speeialized organs of the 
lymphatie system. 


Questlons for Study and Revievv 

BLMLDING LINDERSTANDING 

Fill in the Blanks 


1. The fluid that circulates in the lymphatie system is ealled 


2. Digested fats enter the lymphatie circulation through 

vessels ealled_. 

3. Digested fats and lymph eombine to form a milky fluid 
ealled 


4. All antibodies are eontained in a portion of the blood 

plasma termed the_. 

5. Any foreign substance that enters the body and induces 

an imimrne response is ealled a(n)_. 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . Destroy foreign eells direetly 

7. Release interleukins, which stimulate other eells to 
join the imrmrne response 

8. Suppress the immune response in order to prevent 
overaetivity 

9. Reeognize an antigen and start a rapid response if the 
antigen is eontaeted again 

10. Produce antibodies when aetivated by antigens 


a. regulatory T eells 

b. memory eells 

C. cytotoxic T eells 

d. B eells 

e. helper T eells 
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Multiple Choice 

_ 11. Compared to plasma, lymph eontains much less 

a. fat 

b. earbohydrate 
C. protein 

d. water 

_ 12. Which vessel returns lymph from the lower extremities 

to the cardiovascular system? 

a. appendix 

b. laeteal 

C. right lymphatie duct 
d. thoraeie duct 

_ 13. Which tonsil is loeated behind the nose on the 

posterior wall of the upper pharynx? 

a. appendix 

b. lingual 
C. palatine 

d. pharyngeal 


(JNDERSTANDING CONCEPTS 

17. How does the structure of lymphatie eapillaries eorrelate 
with their function? List some differenees between 
lymphatie and blood eapillaries. 

18. Deseribe three meehanisms that propel lymph through the 
lymphatie vessels. 

19. Traee a globule of fat from a laeteal in the small intestine 
to the right atrium. 

20. Name two examples of GALT. 

21. What are the symptoms of inflammation, and what 
causes them? 


14. Which of the following is NOT part of barriers, the 
first line of defense? 

a. tears 

b. saliva 

C. eomplement 
d. skin 

15. Which of the following is an aetive phagoeyte? 

a. NK eell 

b. plasma eell 
C. maerophage 

d. toll-like reeeptor 

16. Which eell matures in the thymus? 

a. T eell 

b. B eell 

C. dendritie eell 
d. mast eell 


22. Differentiate between the terms in eaeh of the following 
pairs: 

a. first and seeond lines of defense 

b. innate immunity and adaptive immunity 

C. eell-mediated immunity and humoral immunity 
d. aetive immunity and passive immunity 

23. Deseribe the events that must occur for a T eell to reaet with 
a foreign antigen. Onee aetivated, what do the T eells do? 

24. What role do antibodies play in immunity? How are they 
produced? How do they work? 


CONCEPTUAL THINKING 


25. Explain the absenee of arteries in the lymphatie 
circulatory system. 

26. Name several loeations of MALT, and explain the 
signifieanee of those loeations. 


27. Maria’s young son wakes during the night with a low- 
grade fever. Give some reasons why she should take steps 
to limit the fever. Give some reasons why she might not 
want to eliminate his fever. 


For more questions, see the Learning Aetivities on 

thePoinf. 









Energy: Supply and Use 



The Respiratory System 
The Digestive System 

Metabolism, Nutrition, and Body Temperature 
The tirinary System and Body Fluids 

The four ehapters in this unit show how oxygen and nutrients are proeessed, taken up by the body fluids, 
and used by the eells to yield energy. This unit also deseribes the aetions of the respiratory and urinary 
system in eliminating metabolie waste products. Some of the proeesses discussed in these ehapters, such 
as food intake, drinking, and breathing, ean be eontrolled voluntarily. Others, such as body temperature 
and urine output, eannot. You will learn that negative feedbaek meehanisms ean influence these eon- 
scious and unconscious proeesses in order to maintain homeostasis of body temperature, blood aeidity, 
blood eomposition and volume, and even—to a eertain extent—body weight. 





CHAPTER 


The Respiratory System 







Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Define respiration, and deseribe its four 

phases. p. 326 

2 ► Name and deseribe aLL the structures of 

the respiratory system. p. 327 

3 ► ExpLain the meehanism for puLmonary 

ventiLation. p. 331 

4 ► Discuss the proeesses of internaL and 

externaL gas exchange. p. 334 

5 ► List the ways in which oxygen and 

earbon dioxide are transported in the 
bLood. p. 336 

6 ► Deseribe faetors that eontroL respiration. 

p. 337 

7 ► Deseribe normaL and aLtered breathing 

patterns. p. 339 

8 ► Compare hyperventiLation and 

hypoventiLation. p. 339 

9 ► Referring to the ease study, expLain how 

asthma interferes with ventiLation and 
how it ean be treated. pp. 325 r 340 

10 ► Show how word parts are used to buiLd 

words reLated to respiration (see Word 
Anatomy at the end of the ehapter). 

p. 342 



A & P in Aetion Emily’s Case: Advanees in Tisthma Therapy 



rr 


Remind me to mention to Dr. Martinez that 
EmiLy still has that nagging cough, 
NieoLe toLd her husband. 

Tve been vvorried aboutthat/' he 
repLied. yy You knovv, I had asthma as 
a kid—I hope she doesn't. I couLd 
hardly do any sports without taking 
a coupLe puffs of my inhaLer." 

Later that week, Dr. Martinez 
Listened carefuLLy to 3-year-oLd EmiLy's 
Lungs. He knew that the eommon 
symptoms of asthma—coughing, wheezing, and shortness 
of breath—were due to sweLLing of the airway tissues and 
spasm of the smooth muscLe around them. 

"I don't hear any wheezing, but given the famiLy his- 
tory, we ean't ruLe out asthma," he said. "In addition to the 
genetie eomponent, asthma ean have severaL environmentaL 
triggers such as respiratory infeetions, aLLergies, eoLd air, and 


exercise. 


ff 


"WeLL," repLied NieoLe, "EmiLy did have a eoLd right 
before the coughing began. I haven't notieed any aLLergies, 
but now that I think about it, she did have a persistent 


cough Last winter too. And she is getting Lots of exercise at 
presehooL and danee eLass. If EmiLy does have asthma, wiLL 
that Limit her aetivities?" 

"The asthma drugs we have now are much improved 
sinee your husband's youth," the doetor repLied. "But first we 
need to figure out what is causing EmiLy's cough. I'm going 
to order a ehest x-ray to ruLe out infeetion. She's a bit young, 
but we'LL try to measure her Lung function using a spirometry 
test. I know a eLinie that speeiaLizes in presehooL ehiLdren. 
I'm aLso going to ask you to monitor her for the next few 
weeks and see if anything exacerbates her symptoms. If she 
has asthma, we'LL start daiLy treatment with a eortieosteroid 
inhaLer to eontroL airway infLammation. We couLd aLso go 
with a Long-term oraL medieation that prevents the Lungs 
from producing Leukotrienes, substances that cause eonstrie- 
tion of smooth muscLe in the airways. EmiLy wiLL aLso need a 
short-term rescue inhaLer in ease of an acute attaek." 

Asthma is the most eommon ehronie respiratory disease 
of ehiLdhood. In this ehapter, we'LL examine the structure 
and function of the respiratory system. Later in the ehapter, 
we'LL eheek in on EmiLy and Learn about other medieations 
used to treat asthma. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANdLLARIES At-A-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Prineipal Muscles 
of Breathing and Lateral Chest 

► Web Figure: The Heimlieh 
Maneuver 
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A LOOK BACK 


In Cbapter 2, ive talked about tbe properties of ivater tbat 
make it sucb a unique substance. Noiv ive expand on tbe 
disenssion to nnderstand boiv ivater fnnetions in respiration 
and gas excbange. Tbe prineiples of diffnsion, introdneed in 
Cbapter 3, apply to tbese excbanges. In Cbapter 4, ive also 
introdneed tbe types of tissnes tbat make up tbe respiratory 
system, including psendostratified epitbelinm and simple 
squamous epitbelium. Finally, tbe ideas on eomplianee and 
elastieity, disenssed in relation to tbe eardiovasenlar system, 
apply to respiratory pbysiology as well. 


Phases of Respiration 

Most people think of respiration simply as the proeess by 
which air moves into and out of the lungs—that is, breatb- 
ing. By seientifie definition, respiration is the proeess by which 


oxygen is obtained from the environment and delivered to the 
eells. Carbon dioxide is transported to the outside in a reverse 
pathway (Fig. 16-1). 

The eoordinated aetions of the respiratory and 
cardiovascular systems aeeomplish the four phases of 
respiration: 

■ Pulmonary ventilation, which is the exchange of air 
between the atmosphere and the air saes (alveoli) of the 
lungs. This is normally aeeomplished by the inhalation 
and exhalation of breathing. 

■ External gas exchange, which occurs in the lungs as oxy- 
gen (O,) diffuses from the air saes into the blood and 
earbon dioxide (C0 2 ) diffuses out of the blood to be 
eliminated. 

■ Gas transport in the blood. The circulating blood 
earries gases between the lungs and the tissues, sup- 
plying oxygen to the eells and bringing baek earbon 
dioxide. 
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Figure 16-1 


Overvievv of respiration.KEY POINT In ventilation,gases are moved into and out of the lungs, 
In external exchange,gases move between the air saes (alveoli) of the lungs and the blood.ln internal exchange,gases 
move between the blood and body eells.The circulation transports gases in the blood. 1 _ ZOOMING IN From which 
side of the heart does blood leave to travel to the lungs? To which side does it return? 
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Internal gas exchange, which occurs in the tissues as 
oxygen diffuses from the blood to the eells, whereas 
earbon dioxide travels from the eells into the blood. 


systems; the voiee box, or larynx; the windpipe, or traehea; 
and the lungs themselves, with their conducting tubes and 
air saes. 


The term respiration is also used to deseribe a related pro- 
eess that occurs at the cellular level. In eellnlar respiration , 
the eells take in oxygen and use it in the breakdown of 
nutrients. In this proeess, the eells release energy and earbon 
dioxide, a waste product of cellular respiration, as deseribed 
in Chapter 18. 


CHECKPOINT 



□ 16-1 What are thefour phases of respiration? 
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16-1 What phase of respiration is affeeted by Emily's asthma? 


Structure of the Respiratory 
System 

The respiratory system is a complex series of spaees and 
passageways that conduct air into and through the lungs 
(Fig. 16-2). These spaees include the nasal eavities; the 
pharynx, which is eommon to the digestive and respiratory 


THE NASAL CAVITIES 

Air enters the respiratory system through the openings in 
the nose ealled the nostrils or nares (NA-reze) (sing. naris). 
Immediately inside the nostrils, loeated between the roof of 
the mouth and the cranium, are the two spaees known as 
the nasal eavities. These two spaees are separated from eaeh 
other by a partition, the nasal septum. The septum’s superior 
portion is formed by a thin plate of the ethmoid bone, and 
the inferior portion is formed by the vomer (see Fig. 6-5A in 
Chapter 6). An anterior extension of the septum is made of 
hyaline eartilage. The septum and the walls of the nasal eav- 
ity are eovered with mucous membrane, eonsisting of strati- 
fied squamous (flat) epithelium. m Tbe many epitbelial layers 
provide enbaneed proteetion against abrasion, mierobes, and 
otber environmental insnlts. 

On the lateral walls of eaeh nasal eavity are three projee- 
tions ealled the eonehae (KONG-ke) (see Figs. 6-5A and C). 
The shell-like eonehae greatly inerease the surface area of 
the mucous membrane over which air travels on its way 
through the nasal eavities. This membrane eontains many 
blood vessels that deliver heat and moisture. The membrane’s 
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Figure 16-2 


The respiratory system. KEY POINTThe respiratory system eonsists 
of a series of airways that fìnally braneh through the lungs.Some nearby structures are 
also shown.The esophagus, posterior to the traehea, is not shown . f J ZOOMING IN What 
organ is loeated in the medial depression of the left lung? 
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The larynx. (j KEY POINTThe larynx is 


Figure 16-3 


reinforeed by hyaline eartilage, as is the traehea.The laryngeal 
eartilages includethe epiglottis, thyroid cartilage,and erieoid eartilage. 


eells seerete a large amount of fluid—up to 1 qt eaeh day. 
Breathing through the nose (instead of the mouth) enables 
the nasal mucosa to warm and moisten inhaled air. Moreover, 
foreign bodies, such as dust and pathogens, ean be trapped in 
the nasal hairs or the surface mucus. 

As noted in Chapter 6 the paranasal sinuses are small 
eavities in the skull bones near the nose (see Fig. 6-4). They 


are resonating ehambers for the voiee and lessen the skull’s 
weight. These sinuses are lined with mucous membrane and 
communicate with the nasal eavities. They are highly sus- 
eeptible to infeetion traveling from the nose and throat. 

THE PHARYNX 

The muscular pharynx (FAR-inks), or throat, earries air into 
the respiratory traet and earries foods and liquids into the 
digestive system (see Fig. 16-2). The superior portion, loeated 
immediately behind the nasal eavity, is ealled the nasopharynx 
(na-zo-FAR-inks); the middle seetion, loeated posterior to the 
mouth, is ealled the oropharynx (o-ro-FAR-inks); and the 
most inferior portion is ealled the laryngopharynx (lah-rin-go- 
FAR-inks). This last seetion opens into the larynx toward the 
anterior and into the esophagus toward the posterior. 

THE LARYNX 

The larynx (LAR-inks), eommonly ealled the voiee box 
(Fig. 16-3), eonneets the pharynx with the traehea. Its rigid 
framework eonsists of nine portions of hyaline eartilage. The 
anterior part, the tbyroid eartilage , protmdes at the anterior of 
the neek. This projeetion is eommonly ealled the Adam’s apple 
because it is eonsiderably larger in men than in women. The 
inferior erieoid (KRI-koyd) eartilage forms a ring below the 
thyroid eartilage. It is used as a landmark for medieal proee- 
dures involving the traehea. 

Folds of mucous membrane used in producing speeeh 
are loeated eentrally in the superior larynx. These are the 
voeal folds, or voeal eords (Fig. 16-4), which vibrate as 
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Figure 16-4 


The voeal folds,superior view. ^ KEY POINTThe larynx eontains the voeal eords, used in speeeh 
production.The glottis is the spaee between the voeal eords.The vestibular folds help elose off the glottis when 
neeessary. A.The glottis in elosed position. B.The glottis in open position . f ^ ZOOMING IN What eartilage is named 
for its position above the glottis? 
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air flows over them. You ean feel this vibration by plaeing 
your fingertips over the larynx at the eenter of your anterior 
throat and saying “ah.” Variations in the length and tension 
of the voeal folds and the distanee between them regulate 
the piteh of sound. The amount of air foreed over them reg- 
ulates volume. A differenee in the size of the larynx and the 
voeal folds is what accounts for the differenee between adult 
male and female voiees. In general, a man’s larynx is larger 
than a woman’s. His voeal folds are thieker and longer, so 
they vibrate more slowly, resulting in a lower range of piteh. 
Muscles of the pharynx, tongue, lips, and faee also are used 
to articulate words. The mouth, nasal eavities, paranasal 
sinuses, and the pharynx all serve as resonating ehambers 
for speeeh, just as does the eabinet for an audio speaker. The 
spaee between the voeal folds is ealled the glottis (GLOT-is). 
This is partially open during normal breathing but widely 
open during foreed breathing (see Fig. 16-4). 

Superior to the voeal folds are additional folds in the 
laryngeal mucous membrane. These are known as the ves- 
tibiilar folds (see Fig. 16-4), sometimes ealled the “false 
voeal folds” because they do not contribute to speeeh pro- 
duction. Muscles in the larynx ean bring these folds together 
to elose off the glottis and help keep materials out of the 
respiratory traet during swallowing. They are also elosed to 
help in holding one’s breath against pressure in the thoraeie 
eavity, as when straining to lift a heavy weight or to defeeate. 

The little leaf-shaped eartilage that eovers the larynx 
during swallowing is ealled the epiglottis (ep-ih-GLOT-is). 
(The name means “above the glottis.”) The glottis and epi- 
glottis help keep food and liquids out of the remainder of 
the respiratory traet. As the larynx moves upward and for- 
ward during swallowing, the epiglottis moves downward, 
eovering the opening into the larynx. You ean feel the lar- 
ynx move upward toward the epiglottis during this proeess 
by plaeing the pads of your fingers on your larynx as you 
swallow. 

Despite laryngeal proteetions, it is possible to inhale 
or aspirate (AS-pih-rate) material into the respiratory traet. 
This might occur when someone is laughing or talking vig- 
orously while eating, or an ineapaeitated individual inhales 
vomited gastrie eontents. Children ean aspirate small objeets 
or pieees of slippery food, such as hot dogs. Objeets that 
enter the respiratory traet may cut off air supply eompletely, 
resulting in suffocation, or beeome lodged in the respiratory 
passageways. If the objeet is not removed, infeetion and 
inflammation due to irritation are likely to result. 


A framework of separate eartilages reinforees the 
traehea and keeps it open. These eartilages, eaeh shaped 
somewhat like a tiny horseshoe or the letter C, are found 
along the traehea’s entire length (see Fig. 16-3). The open 
seetions in the eartilages are lined up at their posterior so 
that the esophagus ean expand into this region during swal- 
lowing. m Tbus, eartilage rings braee tbe traebea’s anterior 
smfaee, but tbe esopbagus supports its posterior smfaee. 


CHECKPOINTS 



□ 16-2 VVhat happens to air as it passes over the nasal 

mucosa? 


16-3 VVhat are the three regions of the pharynx? 

16-4 VVhat are the seientifìe names for the throat, voiee box, 
and windpipe? 


THE BR0NCHI 

At its inferior end, the traehea divides into two mainstem, 
or primary, bronehi (BRONG-ki), which enter the lungs 
(Fig. 16-5). Cartilage rings stabilize the bronehi and keep 
them open to permit air passage. The right bronchus is 
eonsiderably larger in diameter than is the left and extends 
downward in a more vertieal direetion. Therefore, if a 
foreign body is inhaled, it is likely to enter the right lung. 
Eaeh bronchus enters the lung at a depression ealled the 
hilum (HI-lum). Blood vessels and nerves also eonneet with 
the lung here and, together with the bronchus, make up 
a region known as the root of the lung. Disseetion Atlas 
Figure A3-8B shows the traehea and origins of the bronehi. 


THE LINING OF THE AIR PASSAGEWAYS 

The traehea, bronehi, and other conducting passageways of 
the respiratory traet are lined with a mucous membrane (see 
Fig. 4-3A). Basieally, it is simple, eiliated columnar epithe- 
lium with an underlying lamina propria, but the eells are 
arranged in such a way that they appear stratified. The tissue 
is thus deseribed as pseudostratified , meaning “falsely strati- 
fied.” Goblet eells within this epithelial membrane seerete 
mucus to trap impmities. The eilia on nearby eells sweep the 
mucus upward toward the throat, where it ean be swallowed 
or eliminated by coughing, sneezing, or blowing the nose. 


cnsE?oim 



16-2 VVhieh of the four eharaeteristies of infìammation 
affeets Emily's breathing? 


See the Student Resources on thePoinf for diagrams 
shovving the Heimlieh maneuver, a procedure for 
ejeeting an objeet someone has aspirated. 


THE TRACHEA 

The traehea (TRA-ke-ah), eommonly ealled the windpipe , 
is a tube that extends from the inferior edge of the lar- 
ynx to the mediastinmn, just superior to the heart (see 
Fig. 16-2). The traehea conducts air between the larynx 
and the lungs. 


THE LLINGS 

The lungs eontain both air passageways and minute, thin- 
walled saes ealled alveoli. They are the site of external gas 
exchange, that is, the exchange of gases between air and 
blood. The two lungs are set side by side in the thoraeie 
(ehest) eavity (see Fig. 16-5A). Between them are the heart, 
the great blood vessels, and other organs of the mediasti- 
nmn (the spaee and organs between the lungs). (Disseetion 
Atlas Figure A3-8A shows the lungs in position in the tho- 
raeie eavity.) The left lung has an indentation on its medial 
side that aeeommodates the heart. 
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Figure 16-5 


divisions of the bronehial tree. A. Position and structure of the lungs. B. Alveoli (air sacs).The left seetion of the diagram 
shows alveoli with eapillaries removed.G Histology of lung tissue. D. Cross-section ofthethoraxthrough the lungs 
(superior view),showing the viseeral and parietal pleurae and the pleural spaee. 
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Divisions of the Llings The right lung is subdivided 

by a horizontal and an oblique fissure into three lobes 
(superior, middle, and inferior); the left lung is divided by 
a single oblique fissure into two lobes (superior and infe- 
rior). Eaeh lobe is then further subdivided into segments 
and then lobules. These subdivisions eorrespond to subdi- 
visions of the bronehi as they braneh throughout the lungs. 

Eaeh mainstem bronchus enters the lung at the hilum 
and immediately subdivides. The right bronchus divides into 
three lobar, or seeondary bronehi, eaeh of which enters one 
of the right lung’s three lobes. The left bronchus gives rise to 
two lobar bronehi, which enter the left lung’s two lobes. The 
bronehi subdivide again and again, beeoming progressively 
smaller as they braneh through lung tissue. The lobar bronehi 
beeome segmental bronehi as they braneh into smaller seg- 
ments of the lung. Because the bronehial subdivisions resem- 
ble the branehes of a tree, they have been given the eommon 
name bronekial tree. 

he I ironehioles The smallest of these conducting tubes 
are ealled bronehioles (BRONG-ke-oles). The histology of 
the tubes gradually ehanges as they beeome smaller. The 
amount of eartilage deereases until it is totally absent in the 
bronehioles; what remains is mostly smooth muscle, which 
is under the eontrol of the autonomic (involuntary) nervous 
system. In Emily’s asthma ease study, spasms of this smooth 
muscle eonstriet her airways and make breathing difficult. 

he Alveoli At the end of the terminal bronehioles, the 
smallest subdivisions of the bronehial tree, there are clus- 
ters of tiny air saes in which most external gas exchange 
takes plaee. These saes are the alveoli (al-VE-o-li) (sing. 
alveolus) (see Fig. 16-5B). The wall of eaeh alveolus is 
made of simple squamous epithelium. This thin wall pro- 
vides easy passage for the gases entering and leaving the 
blood as the blood circulates through the millions of tiny 
eapillaries eovering the alveoli. 

There are about 300 million alveoli in the human lungs. 
The resulting surface area in eontaet with gases approximates 
60 m 2 (some sources say even more). This area is equivalent, 
as an example, to the floor surface of a elassroom that mea- 
sures about 24 by 24 ft. As with many other body systems, 
there is great functional reserve; we have about three times 
as much lung tissue as is minimally neeessary to sustain life. 
Because of the many air spaees, the lung is light in weight; 
normally, a pieee of lung tissue dropped into a glass of water 
will float. Figure 16-5C shows a mieroseopie view of lung 
tissue. 

The pulmonary circuit brings blood to and from the 
lungs. In the lungs, blood passes through the eapillaries 
around the alveoli, where gas exchange takes plaee. 

The Lung Gavities and Pleura The lungs occupy a eon- 

siderable portion of the thoraeie eavity, which is separated 
from the abdominal eavity by the muscular partition known 
as the diaphragm (Dl-ah-fram). A continuous doubled sae, 
the pleura (PLU-ra), eovers eaeh lung (see Fig. 16-5D). 
As discussed in Chapter 4, the pleura is a serous membrane 


eomposed of an epithelial layer overlying areolar tissue. The 
two layers of the pleura are named aeeording to loeation. 
The portion that is attaehed to the ehest wall is the parietal 
pleura, and the portion that is attaehed to the lung surface 
is the viseeral pleura. Eaeh elosed sae eompletely surrounds 
the lung, except at the hilum, where the bronchus and blood 
vessels enter the lung. 

Between the two layers of the pleura is the pleural spaee, 
eontaining a thin film of fluid that lubricates the membranes. 
The effeet of this fluid is the same as between two flat pieees 
of glass joined by a film of water; that is, the surfaces slide 
easily on eaeh other but strongly resist separation. Thus, the 
lungs are able to expand and eontraet effortlessly during 
breathing, but the pleural fluid keeps them from separating 
from the ehest wall. 


CHECKPOINTS 



16-5 What structures do the inferior branehing of the traehea 
form? 


16-6 What feature of the eells lining the respiratory 

passageways enables them to move impurities away 
from the lungs? 

16-7 In what structures does gas exchange occur in the lung? 

□ 16-8 What is the name of the membrane that eneloses the 

lung? 
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16-3 Emily's rescue inhaler aetivates adrenergie reeeptors on 
the airways'smooth muscle cells.Would these reeeptors 
cause muscle eontraetion or relaxation? 


The Proeess of Respiration 

Respiration involves ventilation of the lungs, exchange of gases 
at the lungs and the body tissues, and their transport in the 
blood. Respiratory needs are met by eentral and peripheral 
eontrols of breathing. 

PIILMONARY VENTILATION 

Ventilation is the movement of air into and out of the lungs, 
normally aeeomplished by breathing. There are two phases 
of ventilation: inhalation, which is the drawing of air into 
the lungs, and exhalation, or expiration, which is the expul- 
sion of air from the lungs. Air moves down pressure gradients 
from an area of higher pressure to an area of lower pressure. 
Thus, inhalation occurs when lung pressure drops below 
atmospherie pressure, and exhalation occurs when lung pres- 
sure rises above atmospherie pressure. As discussed next, we 
ehange lung pressure by altering lung volume. 

Inhalation In inhalation, the aetive phase of quiet 
breathing, respiratory muscles of the thorax and dia- 
phragm eontraet to enlarge the thoraeie eavity (Fig. 16-6). 
During quiet breathing, the diaphragm’s movement accounts 
for most of the inerease in thoraeie volume. The diaphragm is a 
strong, dome-shaped muscle attaehed to the body wall around 
the base of the rib eage. The diaphragm’s eontraetion and 
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Pulmonary ventilation. KEY POINTThe diaphragm and intereostal muscles are involved in 


inhalation,the aetive phase of quiet breathing.These muscles relax in exhalation,the passive phase of quiet breathing 
A. Inhalation. B. Exhalation. f j ZOOMING IN What muscles are loeated between the ribs? 


flattening cause a piston-like downward motion that inereases 
the ehest’s vertieal dimension. Other muscles that partieipate 
in breathing are the intereostal muscles loeated between the 
ribs. One subset of the intereostal muscles eontraets during 
inhalation, lifting the rib eage upward and outward. Put the 
palms of your hands on either side of the rib eage to feel this 
aetion as you inhale. During forceful inhalation, the rib eage 
is moved further up and out by eontraetion of muscles in the 
neek and ehest wall. Paralysis or weakness in the respiratory 
muscles thus interferes with one’s ability to breathe. 

As the thoraeie eavity inereases in size, gas pressure within 
the eavity deereases. This phenomenon follows a law in physies 
stating that when the volume of a given amount of gas inereases, 
the pressure of the gas deereases. Conversely, when the volume 
deereases, the pressure inereases. If you blow air into a tight 
balloon, the gas partieles are in elose eontaet and will hit the 
wall of the balloon frequently, ereating greater pressure (Fig. 
16-7). If you poke this balloon, it will spring baek to its original 
shape. When you blow into a soft balloon that expands easily, 


the gas partieles spread out into a larger volume and will not 
hit the balloon’s wall as often. If you poke the balloon, your 
finger will make an indentation. Thus, pressure in the ehest 
eavity drops as the thorax expands. When the pressure drops 
to slightly below the air pressure outside the lungs, air moves 
down the pressure gradient into the lungs as by suction. 

Air enters the respiratory passages and flows through the 
ever-dividing tubes of the bronehial tree. As the air travels 
this route, it moves more and more slowly through the many 
bronehial tubes until there is virtually no forward flow as it 
reaehes the alveoli. The ineoming air mixes with the residual 
air remaining in the respiratory passageways so that the gases 
soon are evenly distributed. Eaeh breath causes relatively lit- 
tle ehange in the gas eomposition of the alveoli, but normal 
continuous breathing ensures the presenee of adequate oxy- 
gen and the removal of earbon dioxide. 

As with expansion of blood vessels discussed in 
Chapter 14, the ease with which one ean expand the lungs 
and thorax in inhalation is ealled eomplianee. To understand 
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Figure 16-7 


The relationshipof gas pressure to volume.KEY POINT A. Inflation of a stiff balloon ereates strong 


air pressure against the wall of the balloon. B.The same amount of air in a soft balloon spreads out into the available spaee, 
resulting in lower gas pressure. (j ZOOMING IN What happens to gas pressure as the volume of its eontainer inereases? 


some of the eonditions that ean affeet lung eomplianee, we 
must look again at the properties of water, first introduced 
in Chapter 2. A thin film of water lines the alveoli. The mois- 
ture is neeessary, because gases must go into solution before 
they ean diffuse aeross the membrane in traveling between 
the air and eapillary blood. Water has the property of high 
smfaee tension based on water molecules’ attraetion for 
eaeh other as a result of hydrogen bonding (see Box 2-1). 
You may have notieed that water will elimb a short way up 
the inside of a narrow glass tube—the result of surface ten- 
sion. A kind of “skin” forms at the surface of water that will 
support a light objeet or small inseet, for example. Water’s 


surface tension exerts an inward “pull” on the alveoli, 
causing them to resist expansion. To counteract this foree, 
eertain alveolar eells produce surfactant (sur-FAK-tant), a 
substance that reduces the surface tension of the fluids that 
line the alveoli. Surfactant is a mixture of lipoproteins that 
behaves much like a dish detergent, which reduces surface 
tension to aid in breaking down fats. Normal eomplianee 
of the lung tissue, aided by surfactant, allows the lungs 
to expand and fill adequately with air during inhalation. 
Compliance is deereased when the lungs resist expansion. 
Conditions that ean deerease eomplianee include diseases 
that damage or sear lung tissue or defieieney of surfactant. 
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Distingiiishing Cause and Effeet 


ln the ease study, Emily's lung function was 
measured by asking her to breathe in and 
out of a spirometer.The goal of this test was to see how easily Emily 
moved air between the atmosphere and her lungs.To truly under- 
stand the meehanies of ventilation,as well as any other physiologi- 
eal process,we need to differentiate between cause and effeet.The 
question below asks you to distinguish between ehanges in ehest 
sizeand airfìow:which isthe cause,and which istheeffeet? 


QUESTION 

Which of these statements is eorreet? 

A. My ehest gets bigger when I inhale because air enters my 
lungs. 

B. Air enters my lungs when I inhale because my ehest gets 
bigger. 


ANSWER 

Step 1. Look for the faetor that the body ean direetly ehange. 

The body ereates ehange by various means, such as muscle 
eontraetion or altering enzyme aetivity. If we look at our two 
possible answers to the question, we see that the two faetors 
are"the ehest gets bigger"and "air enters my lungs."The body 
ean direetly ehange ehest size by eontraeting the ventilatory 


muscles. So, step 1 suggests that the ehange in ehest size is the 
cause, and airflow is the result. 

Step 2. List all of the steps linking the two faetors. In other 
words, try to expand the sentenee and see if it still makes 
sense. Consider option B. We could expand this sentenee 
to read “Air enters my lungs when I inhale because air moves 
down a pressure gradient.The pressure is lower in the lungs 
in the atmosphere, because I expand the size of my lungs.The 
size of my lungs inereases because my ehest gets bigger.“\Ne 
eannot add any logieal links to option B. 

So,although it is somewhat counterintuitive,air fìows because 
our ehest (and thus lungs) ehanges in size, not the other way 
around.Anything interfering with that ehange in volume,such 
as deereased lung eomplianee, will reduce ventilation. And 
what about Emily's ease? She must ereate an exceptionally 
strong pressure gradient to overeome the problem of her eon- 
strieted airways. So, during asthma attaeks, she may need to 
reernit additional muscles to ehange her ehest volume enough 
to ereate the stronger gradient. 

See the Study Guide (available separately) for more praetiee at 
distinguishing cause and effeet. 
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See the Student Resources on thePoint for illustra- 
tions of the breathing muscles and for the anima- 
tion “Pulmonary Ventilation. 
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ExhalatÌon In exhalation, the passive phase of quiet 
breathing, the respiratory muscles relax, allowing the ribs 
and diaphragm to return to their original positions. The 
lung tissues are elastie and reeoil to their original size 
during exhalation. Surface tension within the alveoli aids 


Spirometry The effeetiveness of ventilation is measured by 
a spirometer (spi-ROM-eh-ter), an instmment for reeording 
volumes of air inhaled and exhaled (Fig. 16-8). The traeing 
is a spirogram (SPI-ro-gram). Table 16-1 gives the definitions 
and average values for some of the breathing volumes and 
eapaeities that are important in evaluating respiratory func- 
tion. A lung eapaeity is a sum of volumes. These same values 
are shown on a graph as they might appear on a spirogram. 


C7\SEP0MTS 



in this return to resting size. During foreed exhalation, a 16-4 Emily's narrowed airways make it particularly diffieiilt 


different subset of the intereostal muscles eontraets, pulling 
the bottom of the rib eage in and down. The muscles of 


to exhale. Does the diaphragm eontraet or relax during 
exhalation? 


the abdominal wall eontraet, pushing the abdominal viseera □ 16-5 Which muscles could Emily use to aid in exhalation? 
upward against the relaxed diaphragm. Even with maxi- 
mum exhalation, however, you eannot expel all the air from 
your lungs. There is ahvays a eertain residual volume left to 
fill the airways and keep the lungs inflated. 

When learning about ventilation, it ean be difficult to 
understand if the ehange in lung volume is the cause or the 
result of air flow. 


Respiratory therapists evaluate and treat breathing 
disorders. See the Student Resources on thePoint® for 
a deseription of this eareer. 



Box 16-1 for an explanation. 

Airway Radilis The pressure gradients ereated by the 
respiratory muscles drive air movement. But, the radius of External gas exchange is the movement of gases between the 


GASEXCHANGE 


the airways determines how easily the air flows down the 


alveoli and the eapillary blood in the hmgs (Fig. 16-9). The 


pressure gradient. Frietion between the air molecules and barrier that separates alveolar air from the blood is eomposed 
the airway walls opposes air flow. The smaller the airway of the alveolar wall and the eapillary wall, both of which are 

radius, the greater the frietion and the greater the resistanee extremely thin. This respiratory membrane is not only very 

to flow. Imagine yourself drinking a milkshake through a thin, but it is also moist. As previously noted, the moisture is 
straw. The thinner the straw, the greater the foree you must important because the oxygen and earbon dioxide must go 

exert to get the drink to flow. Similarly, narrowing of the into a solution before they ean diffuse aeross the membrane. 


airways in asthma (or even a bad ehest eold) requires the 


The prineiple that governs gas exchange between the 


respiratory muscles to work much harder to aeeomplish outside air and the tissues is the now familiar eoneept of 


ventilation. 


diffusion. Reeall that solutes diffuse down eoneentration 
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Figure 16-8 


A spirogram. KEY POINT A spirogram is a traeing of lung volumes made with a spirometer, 


an instmment that measures volumes of air inhaled and exhaled. ZOOMING IN What lung volume eannot be 
measured with a spirometer? Which lung eapaeities eannot be measured with a spirometer? 
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Table 16-1 


Lung Volumes and Capacities 




Volume Definition 


Average Value (mL) 


Tidal volume The amount of air moved into or out of the lungs in quiet, relaxed 500 

breathing 

Residual volume The volume of air that remains in the lungs after maximum exhalation 1,200 

Inspiratory reserve The additional amount that ean be breathed in by foree after a normal 2,600 

volume inhalation 

Expiratory reserve The additional amount that ean be breathed out by foree after a 900 

volume normal exhalation 

Vital eapaeity The volume of air that ean be expelled from the lungs by maximum 4,000 

exhalation after maximum inhalation 

Functional residual The amount of air remaining in the lungs after normal exhalation 2,100 

eapaeity 

Total lung eapaeity The total volume of air that ean be eontained in the lungs after 5,200 

maximum inhalation 


gradients. Gases diffuse instead down individual presstire 
gradients , and the pressure of a gas is expressed in millime- 


are symbolized as Po 2 and Pco 2 , respeetively. Note that even 
though the gases are in a mixture, eaeh diffuses indepen- 


ters of mercury (mm Hg), as is blood pressure. The pressure dently of any other gas in that mixture. 


of a gas within a gas mixture (such as air) is ealled its partial 
pressure, symbolized with a P and a subscript of its formula. 

Thus, the partial pressures of oxygen and earbon dioxide Reeall that blood in the pulmonary eapillaries has already 


The relative pressure of a gas on the two sides of a mem- 
brane determines the direetion of diffusion (see Fig. 16-9). 
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Figure 16-9 


Gasexchange. KEY POINT Gas exchanges are based on relative partial pressures of oxygen and 


earbon dioxide on either side of a membrane. A. External exchange between the alveoli and the blood.Oxygen diffuses 
into the blood and earbon dioxide diffuses out based on pressures of the two gases in the alveoli and in the blood. 

B. Internal exchange between the blood and the cells.Oxygen diffuses out of the blood and into tissues, while earbon 
dioxide diffuses from the eells into the blood. 
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encountered body eells, so its Po 2 is lower than that in inspired 
air. In the lungs, therefore, oxygen will diffuse aeross the alve- 
olar wall and into the eapillaries. Because the eells generate 
earbon dioxide in cellular respiration, the Pco 2 in the pulmo- 
nary eapillaries is higher than the Pco 2 in inspired air, and 
earbon dioxide diffuses out of the blood and into the alveoli. 

In eontrast, internal gas exchange takes plaee between 
the blood and the tissues, again based on the relative pres- 
sures of the two gases. The blood arriving in the tissues has 
reeeived additional oxygen in the lungs, and oxygen will pass 
into the oxygen-poor tissues. Carbon dioxide will diffuse out 
of the tissues and into the blood. Blood returning from the 
tissues and entering the lung eapillaries through the pulmo- 
nary circuit is relatively low in oxygen and high in earbon 
dioxide. Again, the blood will piek up oxygen and give up 
earbon dioxide. After a return to the left side of the heart, 
it starts onee more on its route through the systemie circuit. 

TRANSPORT OF 0XYGEN 

A very small amount (1.5%) of the oxygen in the blood 
is earried in solution in the plasma. (Oxygen does dis- 
solve in water, as shown by the faet that aquatic animals 
get their oxygen from water.) However, almost all (98.5%) 
of the oxygen that diffuses into the eapillary blood in the 
lungs binds to hemoglobin in the red blood eells. If not for 
hemoglobin and its ability to hold oxygen in the blood, it 
would be impossible for the heart to supply enough oxygen 
to the tissues. The hemoglobin molecule is a large protein 
with four small iron-eontaining “heme” regions. Eaeh heme 
portion ean bind one molecule of oxygen. 

Highly oxygenated blood (in systemie arteries and pul- 
monary veins) is 97% saturated with oxygen. That is, only 
3 % of all the oxygen-binding sites on all of the hemoglobin 
molecules are unoccupied. Many hemoglobin molecules are 
earrying four oxygen molecules, but some earry only three. 
Blood low in oxygen (in systemie veins and pulmonary arter- 
ies) is usually about 70% saturated with oxygen. This 27% 
differenee represents the oxygen that has been taken up by the 
eells. The terms oxygenated and deoxygenated are often used 
to deseribe blood that is high and low in oxygen, respeetively. 
Note, however, that even blood that is deseribed as deoxygen- 
ated still has a large reserve of oxygen. Even under eonditions 


of high oxygen consumption, as in vigorous exercise, for 
example, the blood is never totally depleted of oxygen. 
9 Remember ; boivever ; tbat oxygen satmation is alivays 
bigber in pnlmonary veins, tvbieb earry blood from tbe lungs 
to tbe beart, tban in tbe pnlmonary arteries. 

To enter the eells, oxygen must separate from hemoglo- 
bin. Normally, the bond between oxygen and hemoglobin is 
easily broken, and oxygen is released as blood travels into 
tissues where the oxygen pressure is relatively low. Cells are 
eonstantly using oxygen in cellular respiration and obtaining 
fresh supplies by diffusion from the blood. In addition, some 
eonditions inerease the rate of oxygen’s release from hemoglo- 
bin. inereasing body temperature and inereasing aeidity, both 
generated by cellular aetivity, promote its release to the tissues. 

The poisonous gas earbon monoxide (CO), at low partial 
pressure, binds with hemoglobin at the same molecular sites 
as does oxygen. However, it binds more tightly and displaees 
oxygen. Even a small amount of earbon monoxide causes a 
serious reduction in the blood’s ability to earry oxygen. 

For an interesting variation on normal gas transport, see 
Box 16-2 on liquid ventilation. 

TRANSPORT 0F CARB0N DI0XIDE 

Carbon dioxide is produced continuously in the tissues as a by- 
product of cellular respiration. It diffuses from the tissue eells 
into the blood and is transported to the lungs in three ways: 

■ About 10% is dissolved in the plasma and in the fluid 
within red blood eells. (In earbonated beverages, the 
bubbles represent earbon dioxide that was previously 
dissolved in the solution.) 

■ About 15% is eombined with the protein portion of 
hemoglobin and with plasma proteins. 

■ About 75% is transported as an ion, known as a biear- 
bonate (bi-KAR-bon-ate) ion, which is formed when ear- 
bon dioxide undergoes a ehemieal ehange after it enters 
red blood eells. It first eombines with water to form ear- 
bonie (kar-BON-ik) aeid, which then separates (ionizes) 
into hydrogen and biearbonate ions. This reaetion is 
eatalyzed by an enzyme ealled earbonie anhydrase (an- 
Hl-drase) (CA). 



CLINIC 
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PERSPECTIVES 


Box 16-2 


Liquid Ventilation: Breath in a Bottle 


Researehers have been attempting for years to develop a fliiid 
that could transport high eoneentrations of oxygen in the body. 
Such a fluid could substitute for blood in transfusions or be used 
to earry oxygen into the lungs. Early work on liquid ventilation eli- 
maxed in the mid-1960s when a pioneer in this field submerged 
a laboratory mouse in a beaker of fluid and the animal survived 
total immersion for more than 10 minutes.The fluid was a syn- 
thetie substance that could hold as much oxygen as does air. 

A newer version of this fluid, a fluorine-containing 
ehemieal known as PFC, has been tested to ventilate the 


eollapsed lungs of premature babies. In addition to deliver- 
ing oxygen to the lung alveoli, it also removes earbon diox- 
ide.The fluid is less damaging to delieate lung tissue than is 
air, which has to be pumped in under higher pressure.Others 
who might benefìt from liquid ventilation include people 
whose lungs have been damaged by infeetion, inhaled tox- 
ins, asthma, emphysema, and lung eaneer, but more elinieal 
researeh is required.Scientists are also investigating whether 
liquid ventilation could be used to deliver drugs direetly to 
lung tissue. 
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The biearbonate formed in the red blood eells moves to the 
plasma and then is earried to the lungs. In the lungs, the pro- 
eess is reversed as biearbonate reenters the red blood eells, 
joins with a hydrogen ion to form earbonie aeid, and again 
under the effeets of earbonie anhydrase, releases earbon diox- 
ide and water. The earbon dioxide diffuses into the alveoli 
and is exhaled. For those with a background in ehemistry, 
the equation for these reaetions follows. The arrows going 
in both direetions signify that the reaetions are reversible. 
The upper arrows deseribe what happens as C0 2 enters the 
blood; the lower arrows indieate what happens as CO, is 
released from the blood to be exhaled from the lungs. CA 
represents the enzyme earbonie anhydrase. 

C A . 

co 2 + h 2 o < = » h 2 co 3 H + hco: 

Carbon dioxide Water Carbonic aeid Hydrogen ion Biearbonate ion 


Carbon dioxide is important in regulating the blood’s 
pH (aeid-base balanee). As a biearbonate ion is formed 
from earbon dioxide in the plasma, a hydrogen ion (H + ) is 
also produced. Therefore, the blood beeomes more aeidie 
as the amount of earbon dioxide in the blood inereases. 
The exhalation of earbon dioxide shifts the blood’s pH more 
toward the alkaline (basie) range. The biearbonate ion is also 
an important buffer in the blood, aeting ehemieally to help 
keep the pH of body fluids within a steady range of 7.35 to 
7.45. Chapter 19 has more information on body fluids and 
the kidneys’ role in regulating the eomposition of body flmds. 


CHECKPOINTS 



□ 16-9 VVhat are the two phases of quiet breathing? VVhieh is 

aetive and which is passive? 


□ 16-10 VVhat substance produced by lung eells aids in 

eomplianee? 


□ 16-11 VVhat property of a gas determines its direetion of 

diffusion aeross a membrane, and in what units is this 
property expressed? 

16-12 VVhat substance in red blood eells holds almost all of 

the oxygen earried in the blood? 


16-13 VVhat is the main form in which earbon dioxide is 

earried in the blood? 


See the Student Resources on thePoint® to view 
the animation “Oxygen Transport” and “Carbon 
Dioxide Exchange.” 


REGIILATION 0F RESPIRATION 

Regulation of respiration is a complex proeess that must keep 
paee with moment-to-moment ehanges in cellular oxygen 
requirements and earbon dioxide production. It must also be 
eoordinated with complex behaviors such as laughing, swal- 
lowing, coughing, and singing. Centers in the eentral nervous 
system eontrol the fundamental respiratory pattern. 


eentral NervoilS Oontrol The respiratory eontrol 

eenter is a complex network of neurons loeated in the 
medulla and pons of the brain stem. The eontrol eenter’s 
main part, loeated in the medulla, sets the basie pattern of 
respiration (Fig. 16-10). At rest, these eenters fire about 
12 times per minute, so we breathe about every five 
seeonds. This pattern ehanges in response to input from 
other brain regions, as discussed later. 
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Figure 16-10 


Brain eenters eontrolling respiration. 


KEY POINT Regulatory eenters are loeated in the medulla and 
pons.They eontrol eontraetions of the diaphragm and intereostal 
rrmseles through the vagus nerve (X). Voluntary eontrol eomes from 
the eerebral cortex. 
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From the respiratory eenter in the medulla, motor nerve 
fibers extend into the spinal eord. From the eervieal (neek) part 
of the eord, these nerve fibers continue through the phrenie 
(FREN-ik) nerve (a braneh of the vagus nerve) to the dia- 
phragm and also to the intereostal muscles. The diaphragm and 
the other respiratory muscles are voluntary in the sense that 
they ean be regulated consciously by messages from the higher 
brain eenters, notably the eerebral cortex (see Fig. 16-10). It is 
possible for you to deliberately breathe more rapidly or more 
slowly or to hold your breath and not breathe at all for a while. 
In a short time, however, the respiratory eenter in the brain 
stem will override the voluntary desire to hold your breath, and 
breathing will resume. Most of the time, we breathe without 
thinking about it, and the respiratory eenter is in eontrol. 

ehemieal eontrol Of vital importanee in the eontrol 
of respiration are ehemoreeeptors (ke-mo-re-SEP-tors), 
which, like the reeeptors for taste and smell, are sensi- 
tive to ehemieals dissolved in body fluids (Fig. 16-11). The 
ehemoreeeptors that regulate respiration are loeated een- 
trally (near the brain stem) and peripherally (in arteries). 

The eentral ehemoreeeptors are on either side of the brain 
stem near the medullary respiratory eenter. These reeeptors 
respond to the CO, level in circulating blood, but the gas aets 
indireetly. C0 2 is eapable of diffusing through the eapillary 


blood-brain barrier. It dissolves in medullary interstitial fluid 
and separates into hydrogen ion and biearbonate ion, as 
explained previously. It is the presenee of hydrogen ion and its 
effeet in lowering pH that actually stimulates the eentral ehemo- 
reeeptors. The rise in blood CO, level, known as hypereapnia 
(hi-per-KAP-ne-ah), thus inereases the rate and depth of breath- 
ing. V Remember tbat tbe eentral ebemoreeeptors measme tbe 
aeidity oftbe interstitial fluid, not tbe CO ? eoneentration. 

The peripheral ehemoreeeptors that regulate respiration 
are found in structures ealled the earotid and aortie bodies 
(see Fig. 16-11). The earotid bodies are loeated near the 
bifurcation (forking) of the eommon earotid arteries in the 
neek, whereas the aortie bodies are loeated in the aortie 
areh. These bodies eontain sensory neurons that respond 
mainly to a deerease in oxygen supply. They are not usu- 
ally involved in regulating breathing because they do not 
aet until oxygen drops to a very low level. Because there 
is usually an ample reserve of oxygen in the blood, earbon 
dioxide has the most immediate effeet in regulating respira- 
tion at the level of the eentral ehemoreeeptors. When the 
earbon dioxide level inereases, breathing must be inereased 
to blow off the excess gas. Oxygen only beeomes a eontrol- 
ling faetor when its level falls eonsiderably below normal, 
as in eases of lung disease or in high-altitude environments 
where oxygen partial pressure is low. 
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Figure 16-11 


I Regulation of respiration. KEY POINT Chemical eontrols and otherfaetors adjust respiration to 


keep paee with need. + indieates inereased respiration; - indieates deereased respiration; ± means that response may vary 
with circumstances. For simplicity,the speeifìe areas of the respiratory eenters are not differentiated in this diagram. 
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Other Faetors in Respiratory Oontrol Ilbstrating 

the complexity of respiratory eontrol, there are still addi- 
tional faetors that infhienee breathing (see Fig. 16-11). 
Stimulation of pain reeeptors throughout the body ean 
inerease ventilation, aeting through the brain’s hypothala- 
mus. Emotional responses ean do the same. In the airways 
of the lungs, there are streteh reeeptors that stop inhalation 
to prevent overexpansion of the lungs. These are examples 
of meehanoreeeptors, deseribed in Chapter 10, that respond 
to ehanges in position. Finally, in muscles and joints, we 
have other meehanoreeeptors that respond to movement 
and inerease respiration as we move. All these meehano- 
reeeptors aet through the medullary respiratory eenter. 


ensEPOim 



16-6 If Emily has trouble exhaling earbon dioxide as a result 
of her asthma, what will happen to her breathing rate? 


BREATHING PATTERNS 

Normal breathing rates vary from 12 to 20 breaths per minute 
for adults. In ehildren, rates may vary from 20 to 40 breaths 
per minute, depending on age and size. In infants, the respira- 
tory rate may be more than 40 breaths per minute. Changes 
in respiratory rates are important in various disorders, and a 
healtheare provider should reeord them carefully. To determine 
the respiratory rate, the elinieian counts the elient’s breathing 
for at least 30 seeonds, usually by watching the ehest rise and 
fall with eaeh inhalation and exhalation. The count is then 
multiplied by 2 to obtain the rate in breaths per minute. It 
is best if the person does not realize that he or she is being 
observed because awareness of the measurement may cause a 
ehange in the breathing rate. 


Some Terms for Altered Breathing The following is 

a list of terms designating various respiratory abnormalities. 
These are symptoms, not diseases. Note that the word end- 
ing -pnea refers to breathing. 


■ Taehypnea (tak-IP-ne-ah) is an inereased rate of breath- 
ing that may be normal, as in exercise. 

■ Hyperpnea (hi-PERP-ne-ah) refers to an inerease in both 
the depth and rate of breathing to meet the body’s meta- 
bolie needs, as in exercise. 

■ Hypopnea (hi-POP-ne-ah) is a deerease in the rate and 
depth of breathing. 

■ Apnea (AP-ne-ah) is a temporary eessation of breath- 
ing. Short periods of apnea occur normally during deep 
sleep. More severe sleep apnea ean result from obstruc- 
tion of the respiratory passageways or, less eommonly, 
by failrne in the eentral respiratory eenter. 

ABN0RMAL VENTILATI0N 

In hyperventilation (hi-per-ven-tih-LA-shun), the rate and depth 
of breathing inereases above optimal levels. This eondition ean 
occur during anxiety attaeks or when a person is experienc- 
ing pain or other forms of stress. Hyperventilation inereases 


the exhalation of earbon dioxide and deereases the level of that 
gas in the blood, a eondition ealled hypoeapnia (hi-po-KAP- 
ne-ah). Reeall the equation that links levels of earbon dioxide 
with blood pH. Hyperventilation shifts the equation to the left, 
removing aeidie products from the blood and inereasing its pH. 
This eondition is referred to as alkalosis , excess alkalinity of 
body flmds, and ean result in dizziness and tingling sensations. 

In the absenee of eonthmed overriding inputs from 
other brain eenters prompting hyperventilation, the respira- 
tory eenter responds to deereased earbon dioxide levels by 
deereasing the rate and depth of respiration. Gradually, the 
earbon dioxide level returns to normal, and a regular breath- 
ing pattern is resumed. In extreme eases, a person may faint, 
and then breathing will involuntarily retrnn to normal. In 
assisting a person who is hyperventilating, one should speak 
ealmly, reassme him or her that the situation is not danger- 
ous, and eneomage even breathing using the diaphragm. 

In hypoventilation, an amount of air insufficient to 
meet the body’s metabolie needs enters the alveoli. Hypoxia 
(hi-POK-se-ah) means a lower-than-normal oxygen level 
in the tissues. Hypoxemia (hi-pok-SE-me-ah) refers to 
a lower-than-normal oxygen partial pressme in arterial 
blood. Box 16-3 offers information on adjusting to high alti- 
tudes and other hypoxic eonditions. 

Hypoventilation inereases the blood’s earbon dioxide 
eoneentration, shifting the equation eited previously to the 
right and deereasing the blood’s pH. This eondition is ealled 
aeidosis , excess aeidity of body fluids. The respiratory eenter 
responds to this eondition by attempting to inerease the rate 
and depth of respiration. 


CHECKPOINTS 



□ 16-14 VVhere in the brain stem are the eenters that set the 

basie pattern of respiration? 


□ 16-15 What is the name of the motor nerve that eontrols the 

diaphragm? 

16-16 What gas is the main ehemieal eontroller of 

respiration? 


□ 16-17 What is the meaning of the word ending -pneal 


Effeets of Aging on the 
Respiratory Traet 

With age, the tissues of the respiratory traet lose elastieity and 
beeome more rigid. Similar rigidity in the ehest wall, eombined 
with arthritis and loss of strength in the breathing muscles, 
results in an overall deerease in eomplianee and in lung eapae- 
ity. However, there is a great deal of variation among indi- 
viduals, and regular aerobie aetivity throughout adulthood 
(walking, mnning, swimming, ete.) ean contribute signifieantly 
to maintaining respiratory function. 

Reduction in proteetive meehanisms in the lungs, such 
as phagoeytosis, leads to inereased susceptibility to infee- 
tion. The ineidenee of lung disease inereases with age but 
is hastened by eigarette smoking and by exposure to other 
environmental irritants. 
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A CLOSER LOOK 


Adaptations to High Altitude: Living with Hypoxia 


Box 16-3 


Our bodies work best at low altitudes 
where oxygen is plentiful. However, peo- 
ple are able to live at high altitudes where 
oxygen is searee and ean even survive elimbing 
Mount Everest, the tallest peak on our planet, showing that 
the human body ean adapt to both short-term and long-term 
hypoxic eonditions.This adaptation proeess eompensates for 
deereased atmospherie oxygen by inereasing the effìeieney of 
the respiratory and cardiovascular systems. 

The body's immediate response to high altitude is to 
inerease the rate of ventilation (hyperventilation) and raise the 
heart rate to inerease eardiae output. Hyperventilation makes 


more oxygen available to the eells and inereases blood pH 
(alkalosis), which boosts hemoglobin's eapaeity to bind oxy- 
gen. Over time, the body adapts in additional ways. Hypoxia 
stimulates the kidneys to seerete erythropoietin, prompting 
red bone marrow to manufacture more erythroeytes and 
hemoglobin. Also, eapillaries proliferate, inereasing blood flow 
to the tissues. Some people are unable to adapt to high alti- 
tudes, and for them, hypoxia and alkalosis lead to potentially 
fatal altitude siekness. 

Successful adaptation to high altitude illustrates the prin- 
eiple of homeostasis and also helps to explain how the body 
adjusts to hypoxia assoeiated with lung disease. 


A & P in Aetion Revisited 


Emily’s 7\sthma 


It had been about a month sinee EmiLy's appointment 


jj 


Most kids with asthma lead very normal, aetive 


with Dr. Martinez. During that time, her parents had Lives. The medieations avaiLabLe today target asthma 
monitored her breathing carefuLLy and had notieed pat- right at its source—infLammation. In faet, with proper 
terns in her coughing bouts. 


treatment, many kids maintain near-normaL puLmo- 
yy It does seem that EmiLy gets out of breath sooner nary function. Let's start with an antiinfLammatory 

than the other kids when she exercises," EmiLy's mother in the form of a Low-dose eortieosteroid inhaLer. If, 

reported to Dr. Martinez during her foLLow-up appoint- after a few weeks, we don't see any improvement, I'LL 

ment. yy And now that the weather has eooLed off, I do start EmiLy on an oraL Leukotriene modifier that she 


notiee that she coughs more. 


rr 


wiLL take daiLy to eontroL airway infLammation. I'm 


jj 


Let's take a Listen to EmiLy's Lungs," repLied the doe- aLso going to preseribe another type of inhaLer to 


jj 


tor as he pLaeed his stethoseope on the LittLe girL's ehest. use if EmiLy has a severe asthma episode. The inhaLer 
Yes, I hear wheezing today, which suggests that EmiLy's eontains a medieation that reLaxes the smooth mus- 
airways are narrowed. EmiLy's chestx-ray eame baek nega- de of her airways, giving her short-term reLief of 
tive for infeetion, but the radioLogist did deteet thiek- symptoms. 


n 


ening of the bronehiaL waLLs. The spirometry test wasn't 


In this ease, we Learned that EmiLy's asthma was 


concLusive because of EmiLy's age, but it suggested that caused by airway infLammation. Medieations that Limit 
her abiLity to exhaLe is impaired by her narrowed airways. the infLammatory response in the respiratory passages 

The wheezing, your observations, and the famiLy history ean prevent the symptoms of asthma. For a review of the 


aLL Lead to the diagnosis that EmiLy has asthma. 


rr 


roLe of infLammation in normaL body defense meehanisms. 


ALthough NieoLe had expected the doetor's diagno- see Chapter 15. 
sis, it was stiLL a shoek to hear him say it. Seeing her 
Look of aLarm, Dr. Martinez continued. 
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CH APTER 



Chapter Wrap-Up 


Summary Overview 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


alveoli (sing., alveolus) 
biearbonate ion 
bronehiole 

bronchus (pl., bronehi) 
earbonie aeid 
earbonie anhydrase 


ehemoreeeptor 

eomplianee 

diaphragm 

epiglottis 

epistaxis 

hypereapnia 


hypoxia 

larynx 

lung 

pharynx 

phrenie nerve 

pleura 


pulmonary ventilation 

respiration 

spirometer 

surfactant 

traehea 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Stmetnre ofthe Respiratory System 

laryng/o 

larynx 

The laryngeal pharynx opens into the larynx. 

nas/o 

nose 

The nasopharynx is behind the nasal eavity. 

or/o 

mouth 

The oropharynx is behind the mouth. 

pleur/o 

side, rib 

The plema eovers the lung and lines the ehest wall (rib eage). 

The Proeess of Respiration 

eapn/o 

earbon dioxide 

Hypereapnia is a rise in the blood level of earbon dioxide. 

-pnea 

breathing 

Hypopnea is a deerease in the rate and depth of breathing. 

spir/o 

breathing 

A spirometer is an instmment used to reeord breathing volumes. 


Questions for Study and Revievv 

BLÍILDING LINDERSTANDING 

Fill in the Blanks 

A lower-than-normal level of oxygen in the tissues is 
ealled_. 

The serous membrane around the lung is the_ 


1. The exchange of air between the atmosphere and the 4. 

lungs is ealled_. 

2. The spaee between the voeal eords is the_. 5. 

3. The ease with which the lungs and thorax ean be 

expanded is termed_. 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . The amount of air remaining in the lungs after a 
normal exhalation 

7. The amount of additional air that ean be breathed out 
by foree after a normal exhalation 

8 . The amount of air moved into or out of the lungs in 
quiet, relaxed breathing 

9. The amount of air remaining in the lungs after 
maximum exhalation 

10. The amount of air that ean be expelled from the lungs 
by maximum exhalation after maximum inhalation 


a. vital eapaeity 

b. functional residual eapaeity 
C. tidal volume 

d. residual volume 

e. expiratory reserve volume 
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Mnltiple Choice 

_ 11. Which of the following are bony projeetions in the 

nasal eavity? 

a. nares 

b. septa 

C. eonehae 
d. sinuses 

_ 12. Which structure eontains the voeal folds? 

a. pharynx 

b. larynx 
C. traehea 

d. hrngs 

_ 13. What eovers the larynx during swallowing? 

a. epiglottis 

b. glottis 

e. eonehae 
d. sinus 

LÍNDERSTANDING CONCEPTS 

16. Differentiate between the terms in eaeh pair: 

a. internal and external gas exchange 

b. earbonie aeid and earbonie anhydrase 
C. viseeral and parietal pleura 

d. hyperpnea and taehypnea 

17. Deseribe the eharaeteristies of the tissue that lines the 
respiratory passageways, and explain how this tissue 
proteets us. 

18. Traee the path of air from the nostrils to the lung 
eapillaries. 

19. What is the relationship of gas pressure to volume? What 
happens to gas pressure in the thoraeie eavity when the 
diaphragm eontraets? 


14. Which structure has the eenters that regulate respiration? 

a. eerebral cortex 

b. dieneephalon 
C. brain stem 
d. eerebelhim 

15. All of the following are true during foreed expiration 
except 

a. the diaphragm relaxes 

b. the rib eage is elevated 

C. the abdominal muscles eontraet 

d. the volume of the thoraeie eavity deereases 


20. Deseribe the direetion in which oxygen and earbon 
dioxide diffuse during external and internal gas 
exchange. Why do the gases move in these direetions in 
eaeh ease? 

21. Compare and eontrast oxygen and earbon dioxide 
transport in the blood. 

22. Define hyperventilation and hypoventilation. What is the 
effeet of eaeh on blood CO, levels and blood pH? 

23. What are ehemoreeeptors, and how do they function to 
regulate breathing? 


CONCEPTUAL THINKING 


24. Jake, a sometimes exasperating 4-year-old, threatens 
his mother that he will hold his breath until “he dies.” 
Should his mother be eoneerned that he might succeed? 


25. Why is it important that airplane interiors are 

pressurized? If the eabin lost pressure, what physiologieal 
adaptations to respiration might occur in the passengers? 


For more questions, see the Learning Aetivities 

on thePoinf. 








Learning Objeetives 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Name the three main functions of the 

digestive system. p. 346 

2 ► Name and Loeate the two main Layers and 

the subdivisions of the peritoneum. p. 346 

3 ► Deseribe the four Layers of the digestive 

traet waLL. p. 347 

4 ► Deseribe the two types of muscuLar 

eontraetions important in the digestive 
proeess. p. 347 

5 ► Name and deseribe the functions of the 

digestive traet organs. p. 347 

6 ► Name and Loeate the different types of 

teeth. p. 349 

7 ► Name and deseribe the functions of the 

aeeessory organs of digestion. p. 354 

8 ► Deseribe how biLe traveLs into the 

digestive traet and functions in 
digestion. p. 355 

9 ► ExpLain the roLe of enzymes in 

digestion, and List enzymes invoLved 
in the digestion of fats, earbohydrates, 
proteins, and nucLeic aeids. p. 356 

10 ► Defi ne the term hydrotysis, and expLain 

its roLe in digestion. p. 356 

11 ► Name the digestion products of fats, 

proteins, and earbohydrates. p. 356 

12 ► Define absorption, and state how viLLi 

function in absorption. p. 357 

13 ► ExpLain nervous eontroL of digestion and 

the roLe of the enterie nervous system. 

p. 358 

14 ► List four hormones invoLved in 

reguLating digestion, and expLain the 
function of eaeh. p. 359 

15 ► llsing the information in the ease study 

and the text, expLain the function of 
hydroehLorie aeid in the stomaeh and its 
possibLe adverse effeets. pp. 345 f 361 

16 ► Show how word parts are used to buiLd 

words reLated to digestion (see Word 
Anatomy at the end of the ehapter). p. 363 















A & P 111 Aetion Benjamin’s Qastroesophageal Reflux Disease (QERD) 



Benjamin, a 51-year-oLd Afriean 
Ameriean traveLing saLesman, was 
preparing for yet another night 
away from home when he experi- 
eneed his famiLiarepigastrie pain. He had experi- 
eneed intermittent heartburn for the Last 10 years, but it 
seemed to be getting worse. "More job stress, and age, 
I imagine" he toLd himseLf, but made a mentaL note to 
eheek in with his physieian when he returned home. 

Benjamin toLd Dr. ELiason, his primary eare physieian, 
about his daiLy episodes of diseomfort. "This heartburn 
occurs after meaLs and at bedtime. It often interrupts 
my sLeep and I feeL exhausted sometimes, espeeiaLLy 
when I traveL for business," he reLated. "My eating habits 
and sLeep patterns are definiteLy not the best at those 
times. On oeeasion, I feeL that food is baeking up into my 
throat. I've taken antaeids and other over-the-counter 
drugs, which heLp a LittLe, but I foLLow the paekage ree- 
ommendation to never take them for more than 2 weeks." 


Dr. ELiason performed a brief physieaL exam, and 
reviewed Benjamin's fiLe. "First, the good news," he 
began. Your eoLonoseopy Last year was eompLeteLy nor- 
maL, and your bLood pressure is within the normaL range. 
My notes state that you do not have a history of smoking 
or aLeohoL abuse, and, aside from your gastrie pain, you 
haven't had any heaLth probLems. Are these observations 
stiLL vaLid?" Benjamin nodded his agreement, so the phy- 
sieian continued. 

"You're experiencing dassie esophageaL symptoms 
that suggest gastroesophageaL refLux disease (GERD). This 
eondition might be assoeiated with erosive esophagitis, 
which is best diagnosed by endoseopy in an esophagogas- 
troduodenoscopy (EGD) procedure. We reaLLy shouLd take 
eare of this, because it ean Lead to some serious eompLi- 
eations with time. I'LL refer you for the procedure. In the 
meantime, I'LL preseribe a medieation eaLLed a proton pump 
inhibitor to reduce stomaeh aeid. It may take a whiLe to 
arrange for the EGD test, but see me again in 4 weeks." 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES At-A-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Animation: General Digestion 

► Animation: Digestion of 
Carbohydrates 

► Animation: Enzymes 

► Animation: The Liver in Health and 
Disease 


► Health Professions: Dental 
Hygienist 

► Detailed ehapter Outline 

► Answers to Questions for Study 
and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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T 


A LOOK BACK 


Tbis ebapter diseiìsses some of tbe membranes and otber tis- 
sue types introduced in Gbapter 4. You sbould also revieiv tbe 
stmetme of organie eomponnds and tbe aetivity of enzymes 
deseribed in Cbapter 2. 


General Structure and 
Fiinetion of the D gestive 

System 

Every body eell needs a eonstant supply of nutrients. Cells use 
the energy eontained in nutrients to do their work. In addition, 
they rearrange the nutrients’ ehemieal building bloeks to man- 
ufacture materials the body needs for metabolism, growth, and 
repair. 

Most ingested nutrients are too large to enter eells. They 
must first be broken down into smaller eomponents, a pro- 
eess known as digestion. The transfer of nutrients from the 
digestive traet to the circulation is ealled absorption. The eir- 
culatory system earries nutrients to body eells for use and 
storage. Finally, undigested waste material must be elimi- 
nated. Digestion, absorption, and elimination are the three 
ehief functions of the digestive system. 

For our purposes, the digestive system may be divided 
into two groups of organs (Fig. 17-1): 



Salivary 

glands 

Teeth 


Tongue 


Liver 


Gallbladder 


Panereas 




Mouth 
(oral eavity) 

Pharynx 


Esophagus 


Stomaeh 


Small 

intestine 


Large 

intestine 


Anus 


The digestive traet, a continuous passageway beginning 
at the mouth, where food is taken in, and terminating at 
the anus, where the solid waste products of digestion are 
expelled. The remainder of the digestive traet eonsists of 
the pharynx, esophagus, stomaeh, and small and large 
intestines, illustrated shortly. 

The aeeessory organs, which are neeessary for the diges- 
tive proeess but are not a direet part of the digestive 
traet. The teeth and the tongue physieally manipulate 
food prior to digestion. The other aeeessory organs 
release substances into the digestive traet through ducts. 
These seeretory organs include the salivary glands, liver, 
gallbladder, and panereas. 


ensEPOim 



17-1 In the EGD test deseribed in the ease study, a tube 
passes from the lips to the small intestine. List the 
structures that the tube will encounter. 


THE PERITONELIM 

The peritoneiim (per-ih-to-NE-um) is a thin, shiny serous 
membrane that lines the abdominopelvie eavity and also folds 
baek to eover most of the organs eontained within the eavity 
(Fig. 17-2). As noted in Chapter 4, the outer portion of this 
membrane, the layer in eontaet with the body wall, is ealled 
the parietal (pah-RI-eh-tal) peritoneum; the layer that eovers 


Figure 17-1 


The digestive system. KEY POINTThe 


digestive system extends from the mouth to the anus. Aeeessory 
organs seerete into the digestive traet. íj ZOOMING IN Which 
aeeessory organs of digestion seerete into the mouth? 


the organs is ealled the viseeral (VlS-eh-ral) peritonenm. This 
slippery membrane allows the organs to slide over eaeh other 
as they fimetion. The peritoneum also earries blood vessels, 
lymphatie vessels, and nerves. In some plaees, it supports the 
organs and binds them to eaeh other. The peritoneal eavity is 
the potential spaee between the membrane’s two layers and 
eontains serous fluid (peritoneal fluid). 

Subdivisions of the peritoneum around the various 
organs have speeial names. The mesentery (MES-en-ter-e) 
is a double-layered portion of the peritoneum shaped 
somewhat like a fan (see Fig. 17-2). The handle portion is 
attaehed to the posterior abdominal wall, and the expanded 
long edge is attaehed to the small intestine. Between the two 
membranous layers of the mesentery are the vessels and 
nerves that supply the intestine. The seetion of the perito- 
neum that extends from the eolon to the posterior abdomi- 
nal wall is the mesoeolon (mes-o-KO-lon). 

A large double layer of the peritoneum eontaining much 
fat hangs like an apron over the front of the intestine. This 
greater omentum (o-MEN-tum) extends from the lower 
border of the stomaeh into the pelvie eavity and then loops 
baek up to the transverse eolon. Note tbat tbe greater 
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Liver 


Stomaeh 


Panereas 


Duodenum 

Large 
intestine 

Mesoeolon 

Retroperitoneal 

eavity 



Lesser 

omentum 

Viseeral 

peritoneum 

Peritoneal 

spaee 

Parietal 

peritoneum 


Mesentery 

Greater 

omentum 

Small intestine 


A The perìtoneum 


Membrane 

Spaee 




B Formation of the peritoneum 


Parietal 

peritoneum 

Peritoneal 

spaee 

Viseeral 

peritoneum 


Figure 17-2 


The abdominopelvie eavity and peritoneum. KEY POINTThe parietal peritoneum lines 


the abdominopelvie cavity.Subdivisions of the viseeral peritoneum fold over,supporting and separating individual 
organs. A.The parietal peritoneum is shown in orange and the viseeral peritoneum in green. B. During embryonie 
development,the two layers of the peritoneum form as the organs push into a fluid-filled eavity. 11 J ZOOMING IN 
Which part of the peritoneum is around the small intestine? 


omentum does not aetnally enelose the transverse eolon. 
A smaller membrane, ealled the lesser omentum, extends 
between the stomaeh and the liver. 

THE WALL OF THE DIGESTIVE TRACT 

Although modified for speeifie tasks in different organs, the 
wall of the digestive traet, from the esophagus to the anus, 
is similar in structure throughout (Fig. 17-3). The general 
pattern eonsists of four layers, which are, from innermost 
to outermost: 


1. Mucous membrane, or mucosa 

2. Submucosa 

3. Smooth muscle, the muscularis externa 

4. Serous membrane, or serosa 

First is the mucous membrane, or mucosa. From the mouth 
through the esophagus, and also in the anus, the muco- 
sal epithelium eonsists of stratified squamous eells, which 
help proteet deeper tissues. Throughout the remainder of 
the digestive traet, the mucosa eontains simple columnar 
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Peritoneum 


Nerve 
Lymph vessel 


Mucosa: 

Epithelium 

Connective tissue 
Smooth muscle 


Lymphoid tissue 



Glands 

Nerve 


Submucosa 

(eonneetive tissue) 


Serosa: 

Areolar eonneetive tissue 
Epithelium 


Nerve 


Muscularis externa 

(smooth muscle): 

Circular layer 
Longitudinal layer 


Figure 17-3 


O 


o 


is between the submucosa and the serous membrane in the digestive traet wall? 


epithelium. Goblet eells within this epithelium seerete 
mucus to proteet the system’s lining. Beneath the epithelimn 
is a thin layer of eonneetive tissue eontaining gut-associated 
lymphoid tissue (GALT; see Chapter 15), followed by a very 
thin layer of smooth muscle. 

The thiek layer of eonneetive tissue beneath the mucosa is 
the submucosa, which eontains blood vessels and some of the 
nerves that help regulate digestive aetivity. In the esophagus and 
small intestine, this layer also eontains mucus-secreting glands. 

The next layer, the muscularis externa, is eomposed of 
smooth muscle. Most of the digestive organs have two layers 
of smooth muscle: an inner layer of circular fibers, and an 
outer layer of longitudinal fibers. When a seetion of the eir- 
cular muscle eontraets, the organ’s lumen narrows; when the 
longitudinal muscle eontraets, a seetion of the wall shortens. 

Two types of eoordinated muscle aetivity occur in the 
digestive traet: 

■ Peristalsis (per-ih-STAL-sis) is a wave of circular muscle 
eontraetion that sweeps down the traet, propelling its 
eontents forward (Fig. 17-4A). 

■ Segmentation is alternating, stationary, rhythmie eon- 
traetions of the circular muscle that mix food with diges- 
tive juices (Fig. 17-4B). 

Different regions of the digestive traet use these different 
forms of motility, as discussed later. Nerves that eontrol 
motility (movement) of the digestive organs are loeated in 
this smooth muscle layer. 

The digestive organs in the abdominopelvie eavity have 
an outermost layer of serous membrane, or serosa, a thin, 


moist tissue eomposed of simple squamous epithelium and 
areolar (loose) eonneetive tissue. This membrane forms 
the inner layer of the large serous membrane that extends 
throughout the abdominopelvie eavity, discussed next. 


CHECKPOINTS 



17-1 Why does food have to be digested before eells ean use it? 

Oi 7-2 What is the name of the large serous membrane that 

lines the abdominopelvie eavity and eovers the organs 
it eontains? 


□ i 7-3 What are the four layers of the digestive traet wall? 


ensEPOim 



17-2 What layer of the digestive traet wall is eontaeted by the 
endoseope in Benjamin's EGD exam? 


Organs of the Digestive Traet 

As we study the organs of the digestive system, loeate eaeh in 
Figiire 17-1. The digestive traet is a muscular tube extending 
through the body. It is eomposed of several parts: the mouth, 
pharynx, esophagus, stomaeh, small intestine, and large intes- 
tine. It is more eommonly referred to as the gastrointestinal 
(GI) traet because of the major importanee of the stomaeh and 
intestine in the digestive proeess. 

The next seetion deseribes the structure and function of 
eaeh digestive organ. These deseriptions are followed by an 
overview of how the organs work together in digestion. 
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THE MOIITH 

The mouth, also ealled the oral eavity , is where a substance 
begins its travels through the digestive traet (Fig. 17-5A). The 
mouth has the following digestive functions: 


of the prineipal organs of speeeh. The tongue has a number 
of speeial surface reeeptors, ealled taste buds , which ean dif- 
ferentiate taste sensations (e.g., bitter, sweet, sour, or salty) 
(see Chapter 10). 


■ It reeeives food, a proeess ealled ingestion. 

■ It breaks food into small portions. This is done mainly by 
the teeth in the proeess of chewing or mastieation (mas-tih- 
KA-shun), but the tongue, eheeks, and lips are also used. 

■ It mixes the food with saliva (sah-LI-vah), which is 
produced by the salivary glands and seereted into the 
mouth. The salivary glands will be deseribed with the 
other aeeessory organs. 

■ It moves eontrolled amounts of food toward the throat 
to be swallowed, a proeess ealled deglutition (deg-lu- 
TISH-un). 

The tongue (TUNG), a muscular organ that projeets 

into the mouth, aids in chewing and swallowing and is one 


From mouth 


Food 



Circular 

muscle 

eontraetion 





To anus 



A Peristalsis 


Circular — 

rrmsele 

eontraetion 





B Segmentation 


Figure 17-4 


Gastrointestinal motility. A. Peristalsis 


moves the tube's eontents ahead of the wave of eontraetion. 

B. Segmentation squishes the eontents baek and forth to mix them. 
J J ZOOMING IN Which type of motility would be most useful in 
the esophagus where the eontents should move quickly? 


THETEETH 

The oral eavity also eontains the teeth (see Fig. 17-5A). Young 
ehildren have 20 teeth, known as the baby teeth or deciduous 
(de-SID-u-us) teeth. (The word deciduous means “falling off 
at a eertain time,” such as the leaves that fall off the trees in 
autumn.) A eomplete set of adult permanent teeth numbers 
32. The cutting teeth, or ineisors (in-SI-sors), occupy the ante- 
rior part of the oral eavity. The cuspids (KUS-pids), eommonly 
ealled the eanines (KA-nines) or eyeteetb , are lateral to the 
ineisors. They are pointed teeth with deep roots that are used 
for more forceful gripping and tearing of food. The posterior 
molars (MO-lars) are the larger grinding teeth. There are two 
premolars and three molars. In an adult, eaeh quadrant (quar- 
ter) of the mouth, moving from anterior to posterior, has two 
ineisors, one cuspid, and five molars. 

The first eight deciduous (baby) teeth to appear through 
the gums are usually the ineisors. Later, the cuspids and molars 
appear. Usually, the 20 baby teeth all have appeared by the 
time a ehild has reaehed the age of 2 to 3 years. During the 
first 2 years, the permanent teeth develop within the upper jaw 
(maxilla) and lower jaw (mandible) from buds that are present 
at birth. The first permanent teeth to appear are the four 6-year 
molars, which usually eome in before any baby teeth are lost. 
Because deeay and infeetion of deciduous molars may spread 
to new, permanent teeth, deciduous teeth need proper eare. 

As a ehild grows, the jawbones grow, making spaee for 
additional teeth. After the 6-year molars have appeared, the 
baby ineisors loosen and are replaeed by permanent ineisors. 
Next, the baby eanines (cuspids) are replaeed by permanent 
eanines, and finally, the baby molars are replaeed by the per- 
manent bicuspids (premolars). 

At this point, the larger jawbones are ready for the 
appearanee of the 12-year, or seeond, permanent molar teeth. 
During or after the late teens, the third molars, or so-ealled 
ivisdom teetb , may appear. In some eases, the jaw is not large 
enough for these teeth, or there are other abnormalities, 
so that the third molars may not erupt or may have to be 
removed. Figiire 17-5B shows the parts of a molar. 

The main substance of the tooth is dentin, a ealeified sub- 
stanee harder than bone. Within the tooth is a soft pulp eon- 
taining blood vessels and nerves. The tooth’s eroivn projeets 
above the gum, the gingiva (JIN-jih-vah), and is eovered with 
enamel, the hardest substance in the body. The root or roots 
of the tooth, loeated below the gum line in a bony soeket, are 
eovered with a rigid eonneetive tissue (cementum) that helps 
hold the tooth in plaee. A eonneetive tissue sheet ealled the 
periodontal ligament joins the cementum to the tooth soeket. 
Eaeh root has a eanal eontaining extensions of the pulp. 


Dental hygienists are eoneerned with oral health. 
See the Student Resources on thePoinf for informa- 
tion on this eareer. 

_ 
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Figure 17-5 


The mouth and teeth . f KEY POINTThe mouth breaks food into smaller pieees and mixes it with saliva. 


A.The mouth.The teeth and tonsils are visible in this view. B. A molar tooth. ZOOMING IN What is the eommon name for the 
gingiva? 


THE PHARYNX 

The pharynx (FAR-inks) is eommonly referred to as the 
throat. It is a eombined pathway for the respiratory and diges- 
tive systems and was deseribed in Chapter 16 (see Fig. 16-2). 
The oral part of the pharynx, the oropharynx, is visible when 
you look into an open mouth and depress the tongue. The 
palatine tonsils may be seen at either side of the oropharynx. 
The pharynx also extends upward to the nasal eavity, where 
it is referred to as the nasopharynx, and downward to the 
larynx, where it is ealled the laryngopharynx. The soft palate 
forms the posterior roof of the oral eavity. From it hangs a 
soft, fleshy, V-shaped mass ealled the uvula (U-vu-lah). 

In swallowing, the tongue pushes a bolus (BO-lus) of 
food, a small portion of chewed food mixed with saliva, into 
the pharynx. Onee the food reaehes the pharynx, swallowing 
occurs rapidly by an involuntary reflex aetion. At the same 
time, the soft palate and uvula are raised to prevent food 
and liquid from entering the nasal eavity, and the tongue 
is raised to seal the baek of the oral eavity. As deseribed 
in Chapter 16, the entranee of the traehea is guarded dur- 
ing swallowing by the leaf-shaped eartilage, the epiglottis, 
which eovers the opening of the larynx (see Fig. 16-3). The 
swallowed food is then moved into the esophagus. 

THEES0PHAGUS 

The esophagus (eh-SOF-ah-gus) is a muscular tube 
about 25 em (10 in) long. Its musculature differs slightly 
from that of the other digestive organs because it has 
voluntary striated muscle in its upper portion, which 
gradually ehanges to smooth muscle along its length. In 


the esophagus, food is lubricated with mucus, and peri- 
stalsis moves it into the stomaeh. No additional digestion 
occurs in the esophagus. 

Before joining the stomaeh, the esophagus must pass 
through the diaphragm. It travels through an opening in the 
diaphragm ealled the esophageal hiatus (eh-sof-ah-JE-al hi-A- 
tus) (Fig.17-6). If there is a weakness in the diaphragm at this 
point, a portion of the stomaeh or other abdominal organ 
may protmde through the spaee, a eondition ealled biatal 
bernia, as deseribed later in Benjamin’s ease. 

THE ST0MACH 

The stomaeh is an expanded J-shaped organ in the supe- 
rior left region of the abdominal eavity (see Fig. 17-6 and 
Figure A3-9 in the Disseetion Atlas). In addition to the two 
muscle layers already deseribed, it has a third, inner oblique 
(angled) layer that aids in grinding food and mixing it with 
digestive juices. The left-faeing areh of the stomaeh is the 
greater curvature, whereas the smaller right surface forms the 
lesser curvature. The superior rounded portion under the left 
side of the diaphragm is the stomaeh’s fundus. The region 
of the stomaeh leading into the small intestine is the pylorns 
(pi-LOR-us). The large region between the fundus and the 
pyloms is known as the stomaeh’s body. 

Sphineters A sphineter (SFINK-ter) is a muscular ring that 
regulates the size of an opening. There are two sphineters that 
separate the stomaeh from the organs above and below. 

The lower esophageal sphineter (LES) eontrols the 
passage of food from the esophagus to the stomaeh. This 
muscle has also been ealled the eardiae spbineter because 
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Muscle layers 



Duodenum Pyloms Rugae 


Figure 17-6 


Longitudinal seetion of the stomaeh. ^ KEY POINTThe stomaeh's interior is shown along 


with a portion of the esophagus and the duodenum.Sphincters regulate the organ's entranee and exit openings. 
IJ ZOOMING IN Which additional muscle layer is in the wall of the stomaeh that is not found in the rest of the 
digestive traet? 


of its proximity to the heart. We are sometimes aware of 
the existence of this sphineter when it does not relax as it 
should, producing a feeling of being unable to swallow past 
that point. 

Between the distal, or far, end of the stomaeh and the 
small intestine is the pylorie (pi-LOR-ik) sphineter. This 
sphineter and the stomaeh’s pyloms, which leads to it, are 
important in regulating how rapidly food moves into the 
small intestine. 


Hydroehlorie aeid (HC1), a strong aeid that denatures 
(unwinds) proteins to prepare them for digestion and also 
destroys foreign organisms. HC1 is produced in antieipa- 
tion of eating and is produced in greater amounts when 
food enters the stomaeh. 

Pepsin, a protein-digesting enzyme. Pepsin is produced 
in an inaetive form ealled pepsinogen , which is aeti- 
vated only when it eontaets HC1 or previously aetivated 
pepsin molecules. 


Flinetions Of the Stomaeh The stomaeh serves as 
a storage pouch, digestive organ, and churn. When the 
stomaeh is empty, the lining forms many folds ealled rugae 
(RU-je) (see Fig. 17-6). These folds disappear as the stom- 
aeh expands. (The stomaeh ean streteh to hold one-half of 
a gallon of food and liquid.) Speeial eells in the stomaeh’s 
lining seerete substances that mix together to form gastrie 
juice (gastr/o is the word root for “stomaeh.”) Some of the 
eells seerete a great amount of mucus to proteet the organ’s 
lining from digestive seeretions. Other eells produce the 
aetive eomponents of the gastrie juice, which are 


Chyme ( kime ), from a Greek word meaning “juice,” is the 
highly aeidie, semiliquid mixture of gastrie juice and food 
that leaves the stomaeh to enter the small intestine. 


C7\SEP0INTS 



17-3 In the ease study, Benjamin's stomaeh eontents were 
eseaping into his esophagus.Which sphineter normally 
keeps the stomaeh eontents away from the esophagus? 

17-4 In Benjamin's follow-up visit, he fìnds that his eondition 
is eomplieated by a hiatal hernia.What organ passes 
through the hiatus? 
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THE SMALL INTESTINE 

The small intestine is the longest part of the digestive traet 
(Fig. 17-7). It is known as the small intestine because, although 
it is longer than is the large intestine, it is smaller in diam- 
eter, with an average width of approximately 2.5 em (1 in). 
After death, when relaxed to its full length, the small intestine 


is approximately 6 m (20 ft) long. In life, eontraetion of the 
longitudinal muscle shortens the small intestine to about 3 m 
(10 ft) in length. The first 25 em (10 in) or so of the small 
intestine make up the duodenum (du-o-DE-num) (named for 
the Latin word for “twelve,” based on its length of 12 finger 
widths). Beyond the duodenum are two more divisions: the 
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Figure 17-7 


Theintestines. f KEY POINTThe intestines aregreatly folded to inerease surface area.A.The 


small and large intestines.The three seetions of the small intestine are labeled in bold type.The eolon is the main 
portion ofthe large intestine. B.The wall of the small intestine.e. Drawing of a villus. D.The plasma membrane of the 
columnar epithelial eells is folded into mierovilli . f ^ ZOOMING IN Which portions of the small and large intestines 
join at the ileoeeeal valve? 
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jejunum (je-JU-num), which forms the next two-fifths of the 
small intestine, and the ileum (IL-e-um), which constitutes the 
remaining portion. 

Fiinetions of the Small Intestine The small intes- 

tine partieipates in all aspeets of digestive fimetion: seere- 
tion, motility, digestion, and absorption. 

Seeretion Glands in the duodenal mucosa and submucosa 
seerete large amounts of mucus to proteet the small intestine 
from the strongly aeidie ehyme entering from the stomaeh. 
Mucosal eells of the small intestine also produce enzymes 
that partieipate in the final stages of earbohydrate and protein 
digestion (discussed later under the digestive proeess). These 
enzymes are inserted into the eells’ plasma membrane and aet 
on nutrients that eome in eontaet with the intestinal lining. 

Motilii Minimal peristalsis occurs in the small intestine. 
This form of motility is too rapid to allow for effeetive diges- 
tion and absorption in the small intestine. Instead, the pro- 
eess of segmentation (see Fig. 17-4) ensures that the food is 
thoroughly mixed with digestive juices and is plaeed in eon- 
taet with the enzymes at the mucosal surface. Segmentation 
is regulated so that proximal segments eontraet before distal 
segments, slowly propelling the intestinal eontents from the 
duodenum to the end of the ileum. 

Digestion Most digestion takes plaee in the small intestine’s 
lumen under the influence of seeretions from the liver and 
panereas as well as enzymes in the membranes of intestinal 
eells. These digestive proeesses are discussed in detail later. 

Absorption Most digested nutrients, water, and eleetrolytes 
are absorbed in the small intestine. Figure 17-7 shows three 
modifieations of the small intestine lining that inerease the sur- 
faee area and thus maximize nutrient absorption. 

1. The mucosa and submucosa are formed into large circular 
folds (see Fig. 17-7B). 


2. The mucosa of eaeh fold is formed into millions of tiny, 
finger-like projeetions, or villi (VIL-li), which give the 
inner surface a velvety appearanee. Eaeh villus eontains 
a eapillary and a speeialized lymphatie eapillary ealled a 
laeteal (LAK-tele) (see Fig. 17-7C). 

3. The epithelial eells of the villi have small projeeting folds of 
the plasma membrane known as mierovilli (see Fig. 17-7D). 

m Make sure tkat you ean distinguisb between tbe different 
types of folds in tbe intestinal traet. Box 17-1 provides more 
information about the intestinal folds and how they are nee- 
essary for nutrient absorption. 

THE LARGE INTESTINE 

The large intestine is approximately 6.5 em (2.5 in) in diam- 
eter and approximately 1.5 m (5 ft) long (see Fig. 17-7A). 
It is named for its wide diameter, rather than its length. 
The outer longitudinal muscle fibers in its wall gather into 
three separate smfaee bands. These bands, known as teniae 
(TEN-e-e) eoli, draw up the organ’s wall to give it its dis- 
tinetive puckered appearanee. (The name is also spelled tae- 
niae ; the singular is tenia or taenia). 

Subdivisions of the Large Intestine The large 

intestine begins in the lower right region of the abdomen. 
The first part is a small pouch ealled the cecum (SE-kum). 
The ileoeeeal (il-e-o-SE-kal) valve permits food passage 
from the ilemn of the small intestine into the eeemn, but 
not viee versa. Attaehed to the eeemn is a small, blind tube 
eontaining lymphoid tissue; its full name is vermiform 
(VER-mih-form) appendix ( vermiform means “worm- 
like”) but usually just “appendix” is used. 

The seeond portion, the aseending eolon, extends supe- 
riorly along the right side of the abdomen toward the liver. It 
bends near the liver at the hepatie (right) flexure and extends 
aeross the abdomen as the transverse eolon. It bends again 
sharply at the splenie (left) flexure and extends inferiorly 
on the left side of the abdomen into the pelvis, forming the 



A CLOSER LOOK 


The Folded Intestine: More Absorption with Less Length 


Box 17-1 


Whenever materials pass from one system 
to another,they musttravel through a cellular 
membrane. A major faetor in how much trans- 
port ean occur per unit of time is the total surface 
area of the membrane;the greater the surface area,the higher the 
rate of transport.The problem of paeking a large amount of sur- 
faee into a small spaee is solved in the body by folding the mem- 
branes. We do the same thing in everyday life. Imagine trying to 
store a bed sheet in the eloset without folding it! 

In the small intestine, where digested food must absorb 
into the bloodstream, there is folding of membranes down to 
the level of single eells. 

■ The 6-m long organ is eoiled to fìt into the abdominal 
eavity. 


■ Theinnerwalloftheorgan isthrown intocircularfoldscalled 
plieae circulares, which not only inerease surface area, but 
aid in mixing. 

■ The mucosal villi projeet into the lumen, providing more sur- 
faee area than a flat membrane would. 

■ The individual eells that line the small intestine have miero- 
villi, tiny fìnger-like folds of the plasma membrane that 
inerease surface area tremendously. 

Together,these structural features of the small intestine result 
in an absorptive surface area estimated to be about 250 m 2 ! 
Folding is present in other parts of the digestive system and in 
other areas of the body as well. Can you name other systems 
that show this folding pattern? 
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deseending eolon. The distal eolon bends backward into an 
S shape forming the sigmoid eolon (named for the Greek 
letter sigma ), which continues downward to empty into the 
reetrnn, a temporary storage area for indigestible or nonab- 
sorbable food residue (see Fig. 17-7A). The narrow terminal 
portion of the large intestine is the anal eanal, which leads to 
the outside of the body through an opening ealled the anus 
(A-nus). Visual examination of the eolon is a part of Adam’s 
physieal examination in the ease study. 

Functions of the Large Intestine The eolonie epithe- 

lium produces a great quantity of mucus, but no enzymes. 
Minimal digestion occurs in this organ, but some water is reab- 
sorbed, and undigested food is stored, formed into solid waste 
material, ealled feees (FE-seze) or stool, and then eliminated. 

Food waste moves through the large intestine by inter- 
mittent mass movements, waves of peristalsis that propel 
the eontents several feet at a time toward the rectum. These 
movements often occur just after meals. Stretehing of the ree- 
tum stimulates smooth muscle eontraetion in the reetal wall. 
Aided by voluntary eontraetions of the diaphragm and the 
abdominal muscles, the feees are eliminated from the body in 
a proeess ealled defeeation (def-e-KA-shun). An anal sphineter 
provides voluntary eontrol over defeeation (see Fig. 17-7A). 

Food waste remains quite stationary between mass 
movements. During these periods, baeteria that normally live 
in the eolon aet on it to produce vitamin K and some of the 
B-complex vitamins. Systemie antibiotie therapy may destroy 
these symbiotie (helpful) baeteria living in the large intestine, 
causing undesirable side effeets. 



CHECKPOINTS 

17-4 Which form of motility occurs in the esophagus? In the 
small intestine? 

O 17-5 What type of food is digested in the stomaeh? 

17-6 VVhat are the three divisions of the small intestine? 

o 17-7 How does the small intestine function in the digestive 

proeess? 

Oi 7-8 VVhat are the functions of the large intestine? 


ensEPOim 



17-5 Benjamin's eolonoseopy examined the health of his 
large intestine up to the cecum. Beginning with the 
anus, list the structures eontaeted by the instmment. 


The Aeeessory Organs 

The aeeessory organs release seeretions through ducts into the 
digestive traet. Speeifieally, the salivary glands deliver their 
seeretions into the mouth. The liver, gallbladder, and panereas 
release seeretions into the duodenum. 


THE SALIVARY GLANDS 

Saliva (sah-LI-vah) is a watery solution that moistens food and 
faeilitates mastieation (chewing) and deglutition (swallowing). 
Saliva helps keep the teeth and mouth elean. It also eontains 


some antibodies and an enzyme (lysozyme) that help reduce 
baeterial growth. 

This watery mixture eontains mucus and an enzyme 
ealled salivary amylase (AM-ih-laze), which initiates earbo- 
hydrate digestion. Saliva is manufactured by three pairs of 
glands (Fig. 17-8): 

■ The parotid (pah-ROT-id) glands, the largest of the 
group, are loeated inferior and anterior to the ear. 

■ The submandibular (sub-man-DIB-u-lar) glands, also 
ealled submaxillary (sub-MAK-sih-ler-e) glands , are 
loeated near the body of the lower jaw. 

■ The sublingual (sub-LING-gwal) glands are under the 
tongue. 

All these glands empty through ducts into the oral eavity. 

THE LIVER 

The liver (LlV-er), often referred to by the word root bepat , is 
the largest aeeessory organ (Fig. 17-9 and Figure A3-10 in the 
Disseetion Atlas). It is loeated in the superior right portion of the 
abdominal eavity under the dome of the diaphragm. The lower 
edge of a normal-sized liver is level with the ribs’ lower margin. 
The human liver is the same reddish brown eolor as animal 
liver seen in the supermarket. It has a large right lobe and a 
smaller left lobe; the right lobe includes two inferior smaller 
lobes that are not illustrated. The liver is supplied with blood 
through two vessels: the portal vein and the hepatie artery (the 
portal system and blood supply to the liver were deseribed in 
Chapter 14). These vessels deliver about 1.5 qt (1.6 L) of blood 
to the liver every minute. The hepatie artery earries blood high 
in oxygen, whereas the venous portal system earries blood that 
is lower in oxygen and rieh in digestive end products. 

Flinetions Of the Liver This most remarkable organ 

has many functions relating to digestion, metabolism, 
blood eomposition, and elimination of waste. Some of its 
major aetivities are: 
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Salivary glands. f KEY POINTThree groups 


of glands seerete into the mouth through ductsT w ZOOMING IN 


Which salivary glands are direetly below the tongue? 
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Aeeessory organs of digestion. (J KEY POINT 

The aeeessory organs seerete digestive substances into the small 
intestine. 1 J ZOOMING IN Into which part of the small intestine 
do these aeeessory organs seerete? 


The manufacture of bile, a substance needed for the 
digestion of fats, discussed shortly. 

The eontrol of blood glucose levels under the influence 
of hormones. The liver stores glucose in the form of 
glyeogen, the animal equivalent of the stareh found in 
plants. When the blood glucose level falls below normal, 
liver eells eonvert glyeogen to glucose and synthesize 
new glucose molecules from amino aeids. The glucose 
enters blood to restore a normal eoneentration. 

The modifieation of fats so that they ean be used more 
effieiently by eells all over the body. The liver is also an 
important site for fat storage. 

The storage of iron and some vitamins. 

The formation of blood plasma proteins, such as albu- 
min, globulins, and elotting faetors. 

The destmetion of old red blood eells and the reeyeling or 
elimination of their breakdown products. One by-product, 
a pigment ealled bilimbin (BIL-ih-m-bin), is eliminated in 
bile and gives the stool its eharaeteristie dark eolor. 

The synthesis of urea (u-RE-ah), a waste product of 
protein metabolism. Urea is released into the blood and 
transported to the kidneys for elimination. 

The detoxification (de-tok-sih-fih-KA-shun) (removal of 
toxicity) of harmful substances, such as aleohol and eer- 
tain dmgs. 


Bile The liver’s main digestive function is the production of 
bile, a substance needed for the proeessing of fats. The salts 
eontained in bile aet like a detergent to emulsify fat; that is, 
to break up fat into small droplets that ean be aeted on more 
effeetively by digestive enzymes. Bile also aids in absorption of 
digested fats from the small intestine lumen into the epithelial 


eells. \ Hoivever .; bile does not partieipate in the aetnal diges- 
tion of fats, nor in the proeessing ofother nntrient types. 

Bile leaves the lobes of the liver by two ducts that merge 
to form the eommon hepatie duct (Figs. 17-9 and A3-10). 
This duct joins with the eystie (SlS-tik) duct (from the gall- 
bladder) to form the eommon bile duct. m Remember that 
the eommon bile duct earries bile from both the liver and 
the gallbladder ; but the eommon hepatie duct earries bile 
only from the liver. The eommon bile duct joins with the 
panereatie duct to form a very short, wide ehannel ealled the 
hepatopanereatie ampulla. The hepatopanereatie sphineter 
eontrols the emptying of panereatie fluids and bile from the 
ampulla into the duodenum, as discussed next. 


See the Student Resources on thePoinf for the 
animation “The Liver in Health and Disease.” 


THE GALLBLADDER 

Although the liver may manufacture bile continuously, the 
body needs it only a few times a day, so the hepatopanere- 
atie sphineter is usually elosed. Consequently, bile from the 
liver flows up through the eystie duct into the gallbladder 
(GAWL-blad-er) a muscular sae on the inferior surface of 
the liver that stores bile (see Fig. 17-9). When ehyme enters 
the duodenum, the gallbladder eontraets and the hepato- 
panereatie sphineter opens. Bile flows out of the gallbladder 
and liver into the duodenum. 


THE PANCREAS 

The panereas (PAN-kre-as) is a long gland that extends from 
the duodenum to the spleen (see Figs. 17-9, A3-9 and A3-10). 
The panereas produces enzymes that digest fats, proteins, ear- 
bohydrates, and nucleic aeids. The protein-digesting enzymes 
are produced in inaetive forms which must be eonverted to 
aetive forms in the small intestine by other enzymes. 

The panereas also releases large amounts of sodium 
biearbonate (NaHC0 3 ), an alkaline (basie) fluid that neu- 
tralizes the aeidie ehyme in the small intestine, thus pro- 
teeting the digestive traet’s lining. These juices eolleet in the 
panereatie duct and along with bile, enter the duodenum via 
the hepatopanereatie sphineter. Most people have an addi- 
tional smaller panereatie duct that opens direetly into the 
duodenum and bypasses the hepatopanereatie ampulla. 

As deseribed in Chapter 11, the panereas also functions 
as an endoerine gland, producing the hormones insulin and 
glucagon that regulate glucose metabolism. These islet eell 
seeretions are released into the blood. 


CHECKPOINTS 



17-9 What are the names and loeations of the salivary 

glands? 


□ i 7-10 Which aeeessory organ seeretes bile, and what is the 

function of bile in digestion? 

□ 17-11 What is the role of the gallbladder? 

Oi 7-12 What aeeessory organ seeretes sodium biearbonate, 

and what is the function of this substance in digestion? 
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Enzymes and the Digestive 
Proeess 

Although the individual organs of the digestive traet are spe- 
eialized for digesting different types of food, the fundamental 
ehemieal proeess of digestion is the same for fats, proteins, and 
earbohydrates. In every ease, this proeess requires enzymes. 
Reeall from Chapter 2 (see Fig. 2-11) that enzymes are eata- 
lysts, substances that speed the rate of ehemieal reaetions, but 
are not themselves ehanged or used up in the reaetion. 

Almost all enzymes are proteins, and they are highly spe- 
eifie in their aetions. In digestion, an enzyme aets only in a 
eertain type of reaetion involving a eertain type of nutrient 
molecule. For example, the earbohydrate-digesting enzyme 
amylase only splits stareh into the disaeeharide (double sugar) 
maltose. Another enzyme is required to split maltose into 
two molecules of the monosaeeharide (simple sugar) glucose. 
Other enzymes split fats, or triglyeerides, into their building 
bloeks, glyeerol, and fatty aeids (see Fig. 2-9A). Still others 
split proteins into smaller units ealled peptides and into their 
building bloeks, amino aeids (see Fig. 2-10). 


See the Student Resources on thePoinfi to review the 
animations “Enzymes,” “General Digestion,” and 
“Digestion of Carbohydrates.” 


THE ROLE OF WATER 

Because water is added to nutrient molecules as they are split 
by enzymes, the proeess of digestion is referred to ehemieally 
as hydrolysis (hi-DROL-ih-sis), which means “splitting (lysis) 
by means of water (hydr/o).” In this ehemieal proeess, water’s 
hydroxyl group (OH“) is added to one fragment and the 
hydrogen ion (H + ) is added to the other, splitting the molecule. 
Figure 17-10 shows the hydrolysis of a disaeeharide into two 
monosaeeharides. The building bloeks of fats and proteins are 
separated in the same manner. Eaeh hydrolysis reaetion requires 
a speeifie enzyme and uses one moleaile of water. About 7 L of 
water are seereted into the digestive traet eaeh day, in addition 
to the nearly 2 L taken in with food and drink. You ean now 
understand why so large an amount of water is needed. Water 


is not only used to produce digestive juices and to dilute food 
so that it ean move more easily through the digestive traet but 
is also used in the ehemieal proeess of digestion itself. 

DIGESTION, STEP-BY-STEP 

Let us see what happens to a mass of food from the time it 
is taken into the mouth to the moment that it is ready to be 
absorbed (see Table 17-1). 

In the mouth, the food is chewed and mixed with saliva, 
softening it so that it ean be swallowed easily. Salivary amy- 
lase initiates the digestive proeess by digesting some stareh 
into maltose. 

Digestion in the stomaeh When the food reaehes the 

stomaeh, it is aeted on by gastrie juice, with its hydroehlo- 
rie aeid (HC1) and enzymes. The hydroehlorie aeid has the 
important function of denaturing proteins, that is, unfold- 
ing them to prepare them for digestion. In addition, HC1 
aetivates the enzyme pepsin, which is seereted by gastrie 
eells in an inaetive form, as previously noted. Onee aeti- 
vated by hydroehlorie aeid, pepsin works to eleave long 
protein ehains into shorter ehains of amino aeids. 

The food, gastrie juice, and mucus (which is also seereted 
by eells of the gastrie lining) are mixed to form ehyme. This 
semiliquid substance is released gradually from the stomaeh 
through the pylorie sphineter into the small intestine for fur- 
ther digestion. 

Digestion in the Small Intestine Most digestion 

occurs in the duodenum, the first part of the small intes- 
tine, with the assistanee of panereatie and hepatie seere- 
tions. In brief: 

■ Fats. Most ingested fat is in the form of triglyeerides, which 
are eomposed of glyeerol and three fatty aeids. After bile 
emulsifies fats into tiny droplets, the panereatie enzyme 
lipase digests the triglyeerides into free fatty aeids (two 
from eaeh triglyeeride) and monoglyeerides (glyeerol eom- 
bined with one fatty aeid). If panereatie lipase is absent, 
fats are expelled with the feees in an undigested form. 

■ Carbohydrates. Like salivary amylase, panereatie amy- 
lase ehanges stareh to maltose. Enzymes in the intes- 
tinal eell membranes digest maltose and the other 


ch 2 oh ch 2 oh 



H OH H OH 


+ H 2 0 


ch 2 oh ch 2 oh 



H OH H OH 


Disaeeharide + Water 


Monosaeeharide + Monosaeeharide 


Figure 17-10 


Hydrolysis. J J KEY POINT In digestion, water is added to eompoiinds to split them into simpler 


building bloeks.The figure shows the splitting of a disaeeharide (double sugar) into two monosaeeharides (simple 
sugars) by the addition of H + tooneand OH“to the other.The ehemieal bonds betweenthe building bloeks offatsand 
proteins are split in the same way. A speeifie enzyme is needed for every hydrolysis reaetion. 
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Siimmary of Digestion 




Organ 


Aetivity 


Nutrients Digested 


Aetive Substances 


Mouth 

Esophagus 

Stomaeh 

Small intestine 

Large intestine 


Chews food and mixes it with saliva; forms 
it into bolus for swallowing 

Moves food by peristalsis into stomaeh 

Stores food, churns food, and mixes it with 
digestive juices 

Mixes food with seeretions from panereas 
and liver, digests food, absorbs nutrients 
and water into the blood or lymph 

Reabsorbs some water; forms, stores, and 
eliminates stool 


Stareh 


Salivary amylase 


Proteins Hydroehlorie aeid, pepsin 

Fats, proteins, earbohydrates, Intestinal enzymes (in eell 
nucleic aeids membranes), panereatie 

enzymes, bile from liver 


disaeeharides into monosaeeharides. These enzymes 
are maltase, sucrase, and laetase, which aet on the 
disaeeharides maltose, sucrose, and laetose, respee- 
tively (Fig. 17-11). 

Proteins. Trypsin (TRIP-sin) and other panereatie 
enzymes split proteins into small peptides. Other pan- 
ereatie enzymes and enzymes in the intestinal eell mem- 
branes digest these short peptides into individual amino 
aeids. 


C7\SEP0imS 



17-6 Benjamin's medieation reduces aeid production in his 
stomach.Which stomaeh enzyme could be affeeted by 
this ehange? 

17-7 Which panereatie enzymes could eompensate for the 
deereased aetivity of this enzyme? 

17-8 What element is affeeted by the proton pump inhibitor 
preseribed for Benjamin? 


■ Nucleic aeids. Nucleases (NU-kle-ases) in the panereatie 
juice digest the nucleic aeids DNA and RNA. 

It is important to note that most digestive enzymes are pro- 
duced by the panereas. When panereatie juice is absent, seri- 
ous digestive disturbances always occur. m But, remember 
tbat tbe enzymes tbat break dotvn disaeebarides are made by 
tbe small intestine, not by tbe panereas. 

Table 17-2 smnmarizes the main substances used in 
digestion. Note that, except for HC1, sodium biearbonate, 
and bile salts, all the substances listed are enzymes. 


Absorption 

The means by which digested nutrients reaeh the blood is 
known as absorption. Most absorption takes plaee through the 
villi in the mucosa of the small intestine (see Fig. 17-7D). Within 
eaeh villus is an arteriole and a venule bridged with eapillaries. 
Simple sugars (monosaeeharides), small peptides, amino aeids, 
a few simple fatty aeids, nucleic aeids, and most of the water 
in the digestive traet are absorbed into the blood through these 
eapillaries. From here, they pass by way of the portal system to 
the liver, to be proeessed, stored, or released as needed. 


CHECKPOINTS 



□ i 7-13 What is an enzyme? 

□ i 7-14 What proeess means"splitting by means of water,"as 

in digestion? 


□ i 7-15 Which organ produces the most eomplete digestive 

seeretions? 


ABSORPTION OF FATS 

Most fats have an alternative method of reaehing the 
blood. Instead of entering the blood eapillaries, they are 
absorbed by the villi’s more permeable lymphatie eapillar- 
ies, the laeteals. The absorbed fat droplets give the lymph 
a milky appearanee. The mixture of lymph and fat glob- 
ules that drains from the small intestine after fat has been 


Carbohydrates Monosaeeharides 

Glucose 
Galaetose 
Fmetose 



Disaeeharides 




Maltose 





Laetose 






Sucrose 


Polysaeeharides 




Figure 17-11 


Carbohydrates. r J KEY POINT We ean consume earbohydrates in many forms, but they are all 


eventually eonverted to glucose in the body. * J ZOOMING IN Name the two monosaeeharide eomponents of sucrose. 
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Digestive Agents Produced by Digestive Traet Organs and 
Aeeessory Organs 

Organ 

Substance 

Aetion 

Salivary glands 

Salivary amylase 

Converts stareh to maltose 

Stomaeh 

Hydroehlorie aeid (HCl) a 

Denatures proteins; aetivates pepsin 


Pepsin 

Digests proteins to peptides 

Liver 

Bile salts a 

Emulsify fats 

Panereas 

Sodmm bicarbonate a 

Neutralizes HC1 


Amylase 

Digests stareh to maltose 


Trypsin 

Digests protein to peptides 


Lipase 

Digests fats to fatty aeids and monoglyeerides 


Nucleases 

Digest nucleic aeids 

Small intestine (enzymes Peptidases 

embedded in eell 
membranes) 

Digest peptides to amino aeids 

a Not enzymes. 

Laetase, maltase, sucrase 

Digest disaeeharides to monosaeeharides 


digested is ealled ehyle (kile). Chyle merges with the lym- 
phatie circulation and eventually enters the blood when 
the lymph drains into veins near the heart. The absorbed 
fats then move to the liver for further proeessing. 

ABSORPTION OF VITAMINS AND MINERALS 

Minerals and vitamins ingested with food are also absorbed 
from the small intestine. The minerals and some of the 
vitamins mix with water and are absorbed direetly into 
the blood. Other vitamins are ineorporated in fats and are 
absorbed along with the fats. Vitamin K and some B vita- 
mins are produced by baeterial aetion in the eolon and are 
absorbed from the large intestine. 


Control of Digestion and 
Eating 

As food moves through the digestive traet, its rate of move- 
ment and the aetivity of eaeh organ it passes through must 
be carefully regulated. If food moves too slowly or digestive 
seeretions are inadequate, the body will not get enough nour- 
ishment. If food moves too rapidly or excess seeretions are 
produced, digestion and absorption may be ineomplete, or the 
digestive traet’s lining may be damaged. 


C0NTR0L OF DIGESTION 

There are two types of eontrol over digestion: nervous and 
hormonal. Both illustrate the prineiples of feedbaek eontrol. 

The nerves that eontrol digestive aetivity are loeated in the 
submucosa and between the muscle layers of the organ walls 
(see Fig. 17-3). These nerves form a eomplete neural network 
known as the enterie nervous system (ENS), or less formally, 
the “gut brain.” Like any nervous system, the ENS reeeives 
sensory stimuli, integrates information from many sources, 
and issues eommands. For instanee, sensors monitor the eon- 
eentration and volume of the intestinal eontents and regulate 
both glands and smooth muscle. The aetivity of the ENS 
ean be modified by the autonomic (viseeral) nervous system. 
In general, parasympathetie stimulation inereases aetivity, and 
sympathetie stimulation deereases aetivity. Excess sympathetie 
stimulation, as ean be caused by stress, ean slow food’s move- 
ment through the digestive traet and inhibit mucus seeretion, 
which is emeial to proteeting the digestive traet’s lining. 

The digestive organs themselves produce the hormones 
involved in regulating digestion. The following is a discussion 
of some of these eontrols ( íable 17-2 ). 

The sight, smell, thought, taste, or feel of food in the 
mouth stimulates, through the nervous system, the seeretion 
of saliva and the release of gastrie juice. Onee in the stomaeh, 
food stinmlates the release into the blood of the hormone 
gastrin, which promotes stomaeh seeretions and motility. 

When ehyme enters the duodenum, nerve impulses 
inhibit stomaeh motility, so that food will not move too rap- 
idly into the small intestine. This aetion is a good example 
of negative feedbaek. At the same time, hormones released 


CHECKPOINT 



17-16 What is absorption? 
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Hormones Aetive in Digestion 




Hormone 


Source 


Aetion 


Gastrin 

Gastrie-inhibitory 
peptide (GIP) 

Seeretin 

eholeeystokinin (CCK) 


Stomaeh 

Duodenum 

Duodenum 

Duodenum 


Stimulates release of gastrie juice 

Stimulates insulin release from panereas when glucose enters duodenum; 
inhibits release of gastrie juice 

Stimulates release of water and biearbonate from panereas; inhibits the stomaeh 

Stimulates release of digestive enzymes from panereas; stimulates release of bile 
from gallbladder; inhibits the stomaeh 


from the duodenum not only stimulate intestinal aetivity 
but also feed baek to the stomaeh to reduce its aetivity. 
Gastrie-inhibitory peptide (GIP) is one such hormone. It 
aets on the stomaeh to inhibit the release of gastrie juice. Its 
more important aetion is to sthmdate insulin release from 
the panereas when glucose enters the duodenum. Another 
of these hormones, seeretin (se-KRE-tin), stimulates the 
panereas to release water and biearbonate to dilute and 
neutralize ehyme. Cholecystokinin (ko-le-sis-to-KI-nin) 
(CCK) sthmdates the release of enzymes from the panereas, 
causes the gallbladder to release bile, and sthmdates the 
opening of the hepatopanereatie sphineter. 

C0NTR0L OF HLINGER AND APPETITE 

Hunger is the desire for food, which ean be satisfied by the 
ingestion of a filling meal. Appetite differs from hunger in 
that although it is basieally a desire for food, it often has no 
relationship to the need for food. Even after an adequate meal 
that has relieved hunger, a person may still have an appetite for 
additional food. A variety of faetors, such as emotional state, 
cultural influences, habit, and memories of past food intake 
ean affeet appetite. 

Hunger is regulated by hypothalamie eenters that 
respond to nutrient levels, neural input from the digestive 
traet, and hormones. 


insulin production. CCK and insulin further suppress 
hunger, as does the inereased blood glucose level result- 
ing from nutrient digestion (Fig. 17-12B). These neural and 
ehemieal signals prevent the consumption of more food 
than the intestine ean proeess. 

Long-Term Regulation of Body Weight Despite 

day-to-day variations in food intake and physieal aetiv- 
ity, a healthy individual maintains a eonstant body weight 
and energy reserves of fat over long periods. With the 
diseovery of the hormone leptin (from the Greek word 
leptos , meaning “thin”), researehers have been able to 
pieee together one long-term meehanism for regulating 
weight. Leptin is produced by adipoeytes (fat eells). When 
fat stores inerease because of excess food intake or inad- 
equate aetivity, the eells release more leptin (Fig. 17-12C). 
Centers in the hypothalamus respond to the hormone by 
deereasing food intake and inereasing energy expenditure, 
resulting in weight loss. If this feedbaek meehanism is dis- 
rnpted, obesity will result. Early hopes of using leptin to 
treat human obesity have dimmed, however, because obese 
people do not have a leptin defieieney. This system’s fail- 
ure in humans appears to be caused by the hypothalamus’s 
inability to respond to leptin rather than our inability to 
make the hormone. 


Short-Term Regulation of Hunger The hypothala- 

mus induces hunger sensations when we haven’t eaten 
in a while and fullness sensations when we should stop 
eating. Between meals, the empty stomaeh releases a hor- 
mone ealled ghrelin (GREL-in) that stinmlates hunger 
(Fig. 17-12A). Low nutrient levels, particularly hypoglyee- 
mia, also aetivate the hypothalamie hunger eenter. On the 
other hand, food consumption distends the digestive traet, 
sending neural signals that deerease hunger. Also, remem- 
ber that food arrival in the duodenum stimulates the 
release of the hormones CCK and GIP, and GIP stimulates 


CHECKPOINTS 



□ i 7-17 What are the two types of eontrol over the digestive 

proeess? 


□ i 7-18 What is the differenee between hunger and appetite? 


ensEPOim 



17-9 Benjamin would have fasted before his GED procedure. 
Would his ghrelin level have been higher or lower than 
normal? 
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Hypothalamus 


Ghrelin 

stimulates 




Blood ghrelin 
eoneentration 
rises. 
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Empty stomaeh 
produces ghrelin. 



Hypothalamus 


CCK, insulin, and 
high glucose inhibit 


hunger. 
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Figure 17-12 


Regulation of food intake. A. Ghrelin initiates hunger. B. CCK (among other faetors) inhibits hunger. C. Leptin governs 


food intake over the long term. 


Effeets of Aging on the 
Digestive System 

With age, reeeptors for taste and smell deteriorate, lead- 
ing to a loss of appetite and deereased enjoyment of food. 
A deerease in saliva and poor gag reflex make swallowing 
more difficult. Tooth loss or poorly fitting dentures may 
make chewing food more difficult. 

Aetivity of the digestive organs deereases. These 
ehanges ean be seen in poor absorption of eertain vitamins 
and poor protein digestion. Slowing of peristalsis in 


the large intestine and inereased consumption of easily 
chewed, refined foods contribute to the eommon occur- 
renee of eonstipation. 

The tissues of the digestive system require eonstant 
replaeement. Slowing of this proeess contributes to a variety 
of digestive disorders, including gastritis, ulcers, and diver- 
ticulosis. As with many body systems, tumors and eaneer 
occur more frequently with age. As discussed in Box 17-2, 
endoseopy is a non-surgical medieal technique that ean deteet 
digestive traet tumors. It is an important part of routine 
health eare in older adults. 
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PERSPECTIVES 


Endoseopy: A View from Within 



Box 17-2 

> 

1 



Modern medieine has made great strides toward looking into the 
body without resorting to invasive surgery. An instmment that 
has made this possible in many eases is the endoseope, which 
is inserted into the body through an orifiee or small ineision and 
used to examine passageways, hollow organs, and body eavities. 
The first endoseopes were rigid lighted teleseopes that could be 
inserted only a short distanee into the body.Today, physieians are 
able to navigate the twists and turns of the digestive traet using 
long fìberoptie endoseopes eomposed of flexible bundles of 
glass or plastie that transmit light. 

In the gastrointestinal traet, endoseopy ean deteet struc- 
tural abnormalities,bleeding ulcers,inflammation,and tumors. 
In addition,endoscopes ean be used to remove fluid samples 
or tissue speeimens. Some surgery ean even be done with an 
endoseope, such as polyp (abnormal growth) removal from 
the eolon or expansion of a sphineter. Endoseopy ean also be 
used to examine and operate on joints (arthroscopy),the blad- 
der (eystoseopy), respiratory passages (bronehoseopy), and 
the abdominal eavity (laparoseopy). 

Capsular endoseopy, a reeent teehnologieal advanee, 
has made examination of the gastrointestinal traet even easier. 



An endoseopie image of the cecum, the first portion of the large 
intestine. 

It uses a pill-sized eamera that ean be swallowed. As the eam- 
era moves through the digestive traet, it transmits video imag- 
es to a data reeorder worn on the patient's belt. Eaeh eamera is 
used only onee; after about 24 hours, it is eliminated with the 
stool and flushed away. 


A & P in Aetion Revisited 


Benjamin’s Qastroesophageal Reflux Disease (QERD) 


Benjamin returned to Dr. Eliason's offiee 4 weeks Later 
for his follow-up appointment. yy So, Benjamin, has the 
medieation heLped?," Dr. ELiason asked. 

Looking sheepish, Benjamin repLied, yy I started feeLing 
better after a few weeks, so I stopped taking the mediea- 
tion. Now the pain and the other symptoms have returned, 
and I'm waking up at night. I'm aLso having difficuLty swaL- 
Lowing sometimes. I've never had that probLem before." 

Dr. ELiason expLained, yy The medieation wasn't 
designed to be a cure. You need to take it eonsistentLy, 


because your endoseopy reveaLed moderate damage 
to your esophagus as weU as a smaLL hiataL hernia. 
Without treatment, your refLux disease couLd damage 
your Lungs and cause further damage to your esoph- 
agus. But, medieation and some LifestyLe ehanges 
shouLd prevent further eompLieations." He counseLed 
Benjamin to deerease the fat in his meaLs, avoid Lying 
down for at Least 2 hours after meaLs, and Limit aLeohoL 
intake. 
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CH#P,Í ' Chapter Wrap-Up 



Siimmary Overview 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the 
main topies eovered in this ehapter. 


Layers 

Organs 


Mouth 

Teeth 

Pharynx 

Esophagus 

Small 

intestine 

Large 

intestine 


Salivary 

glands 

Liver 

Gallbladder 

Panereas 


Enzymes 

Water 

Stomaeh aetivities 
Intestinal aetivities 


Enterie 

nervous system 


Organization 


Digestive 


Aeeessory 


Digestive 


Absorption 


Control 


Aging 


- Peritoneum 

traet 


organs 


proeess 







Hormones 


- Gastrin 


GIP 

Seeretin 

CCK 

Ghrelin 

Leptin 


Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other bold faee terms are defined in the Glossary with phonetie pronunciations. 


absorption 

duodenum 

laeteal 

saliva 

bile 

emulsify 

liver 

segmentation 

ehyle 

esophagus 

mastieation 

sphineter 

ehyme 

gallbladder 

mesentery 

stomaeh 

defeeation 

hydrolysis 

panereas 

villi 

deglutition 

ingestion 

peristalsis 


digestion 

intestine 

peritoneum 
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Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

General Strnetnre and Fnnetion of the Digestive System 

ab- 

away from 

In absorption, digested materials are taken from the digestive traet into 
the circulation. 

enter/o 

intestine 

The mesentery is the portion of the peritoneum around the intestine. 

mes/o- 

middle 

The mesoeolon, like the mesentery, eomes from the middle layer of eells 
in the embryo, the mesoderm. 

Organs of the Digestive Traet 

gastr/o 

stomaeh 

The gastrointestinal traet eonsists mainly of the stomaeh and intestine. 

The Aeeessory Organs 

amyl/o 

stareh 

The stareh-digesting enzyme in saliva is salivary amylase. 

bil/i 

bile 

Bilimbin is a pigment found in bile. 

eyst/o 

bladder, sae 

The eystie duct earries bile into and out of the gallbladder. 

hepat/o 

liver 

The hepatie portal system earries blood to the liver. 

lingu/o 

tongue 

The sublingual salivary glands are under the tongue. 

Gontrol of Digestion 

ehole 

bile, gall 

Cholecystokinin is a hormone that aetivates the gallbladder (eholeeyst/o). 


Quest ons for Study and Revlew 

BUILDING UNDERSTANDING 

Fill in the Blanks 

1. The wavelike movement of the digestive traet wall is 

ealled_. 

2. The small intestine is eonneeted to the posterior abdomi- 

nal wall by_. 


3. The liver ean store glucose in the form of_. 

4. The parotid glands seerete_. 

5. The membrane that lines the abdominal eavity and sup 

ports the organs it eontains is the_. 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6. Digests stareh 

a. lipase 

7. Begins protein digestion 

b. amylase 

8. Digests fats 

C. trypsin 

9. Splits protein into amino aeids 

d. pepsin 

10. Emulsifies fats 

e. bile salt 
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Multiple Choice 

_ 11. The teeth break up food into small parts by a proeess 

ealled 

a. absorption 

b. deglutition 
C. ingestion 
d. mastieation 

_ 12. Which organ seeretes hydroehlorie aeid and pepsin? 

a. salivary glands 

b. stomaeh 
C. panereas 
d. liver 

_ 13. What is the main substance of a tooth? 

a. gingiva 

b. cuspid 
C. dentin 

d. cementum 

(JNDERSTANDING CONCEPTS 

16. Refer to the Disseetion Atlas in Appendix 3 to answer the 
following questions: 

a. Look at Figure A3-9C. Which organ is anterior to the 
aorta, and which organ is posterior? 

b. Look at Figure A3-10. List all of the labeled structures 
in the order in which they encounter bile in its trip from 
the liver to the gallbladder and then to the duodenum. 

17. Referring to the digestive system in “The Body Visible” at 
the beginning of this book, give the name and mimber of 
the following: 

a. the first portion of the large intestine 

b. the muscle that eontrols movement of food from the 
stomaeh to the small intestine. 

C. the largest salivary gland 

d. folds in the lining of the stomaeh 

e. the middle portion of the small intestine 

18. Differentiate between the terms in eaeh of the following 
pairs: 

a. deciduous and permanent teeth 

b. digestion and absorption 

C. parietal and viseeral peritoneum 

d. gastrin and gastrie-inhibitory peptide 

e. seeretin and eholeeystokinin 


14. What is the soft, fleshy V-shaped mass of tissue that 
hangs from the soft palate ealled? 

a. epiglottis 

b. esophageal hiatus 
C. uvula 

d. gingiva 

15. What structure guards the entranee to the traehea 
during swallowing? 

a. voealfold 

b. gingiva 
C. bolus 

d. epiglottis 


19. Name the four layers of the digestive traet. Which tissue 
makes up eaeh layer? What is the function of eaeh layer? 

20. Traee the path of a bolus of food through the digestive 
system. 

21. Deseribe the structure and function of the liver. 

22. Deseribe the system that delivers seeretions from the liver, 
panereas, and gallbladder to the duodenum. 

23. What is hydrolysis? Give three examples of hydrolysis. 

24. Where does absorption occur in the digestive traet, and 
what structures are needed for absorption? Which types 
of nutrients are absorbed into the blood? Into the lymph? 

25. Name two hormones that regulate eating, and give the 
function of eaeh. 
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CONCEPTUAL THINKING 

26. In the ease study, Dr. Eliason is eoneerned that Benjamin’s 27. Ovemse of antaeids ean inhibit protein digestion. How? 
reflux might damage his lungs. Referring to ehapters 16 
and 17, deseribe the path that the stomaeh aeid would 
take from the stomaeh to the alveoli. 


For more questions, see the Learning Aetivities on 

thePoinf. 



CHAPTER 


Metabolism, Nutrition, 




Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Differentiate between eataboLism and 

anaboLism. p. 368 

2 ► Differentiate between the anaerobie and 

aerobie phases of gLucose eataboLism and 
give the end products and the reLative 
amount of energy reLeased by eaeh. p. 368 

3 ► Define metaboLie rate, and name six 

faetors that affeet it. p. 370 

4 ► ExpLain how earbohydrates, fats, and 

proteins are metaboLized for energy. p. 370 

5 ► Compare the energy eontents of 

earbohydrates, fats, and proteins. p. 370 

6 ► List the reeommended pereentages of 

earbohydrate, fat, and protein in the 
diet. p. 371 

7 ► Distingmsh between simpLe and compLex 

earbohydrates, giving exampLes of eaeh. 

p. 371 

8 ► Compare saturated and unsaturated fats. 

p. 372 

9 ► Define essentiat amino aeid. p. 373 

10 ► ExpLain the roLes of mineraLs and 

vitamins in nutrition, and give exampLes 
of eaeh. p. 374 

11 ► List six adverse effeets of aLeohoL 

consumption. p. 377 

12 ► ExpLain how heat is produced and Lost 

in the body. p. 379 

13 ► Deseribe the roLe of the hypothaLamus in 

reguLating body temperature. p. 379 

14 ► Llsing the ease study and the text, 

deseribe the adverse effeets of 
undernutrition. pp. 367, 381 

15 ► Show how word parts are used to brn'Ld 

words reLated to metaboLism, nutrition, 
and body temperature (see Word Anatomy 
at the end of the ehapter). p. 383 







A & P ìn Aetion Claudia’s Friends 7\re Concerned 



Dr. Wade, program advisor of Health 
Seienees atthe university, was wrap- 
ping things up in her offiee for the 
day when Josie, a nursing student, 
stopped by. 

yy Hi Dr. Wade, do you 
have a minute to talk? I am 
worried about CLaudia. She 
and I are roommates and 
dose friends. After your 
lecture on eating disorders 


rr 


this week, well, I think she might have anorexia. 

Dr. Wade told Josie to eome in and sit down, and then 
dosed the door. 

I appreeiate your eoneern for your dassmate," she 


n 


rr 


said. yy What have you notieed? 

yy We are in a couple of study groups together, and when 
we break for lunch, she aLways has an excuse for why she 
doesn't eat," Josie expLained. "Either says she's not hungry, 
didn't bring a Lunch, or doesn't have any money. We aLways 
offer to share our food but she won't eat. And yesterday 
when we aLL insisted she eat something, she had a few bites 
then went to the restroom. I think she may have made her- 
seLf throw up. ALso, after dass, a bunch of us take the shut- 
tle baek to the dorm for dinner but CLaudia has been jogging 
baek and stops at the gym to work out. That might not 


sound Like much but you shouLd see her workout scheduLe; 
it's intense. She's aLways weighing herseLf, and I think she's 
overdoing the exercise. And reeentLy when we were praetie- 
ing measuring our BMIs for dass, I notieed she didn't reaLLy 
partieipate in the exercise. She's pretty thin, and I know she 
thinks about her weight sinee she joined the eheerLeading 
squad. She gets eoLd reaLLy easiLy, and I don't think she's 
had her period for months. I hate being a tattLetaLe, but I'm 
reaLLy getting worried!" 

"Josie, over haLf of teenage girLs engage in unheaLthy 
eating behaviors, and it ean be hard to ask for heLp," Dr. 
Wade said. yy You've made some good observations aboutyour 
friend, and your timing is good in eoming to me. I'LL try 
to speak with CLaudia tomorrow after dass, but see if you 
ean get her to seek heLp at the Student HeaLth Center this 
evening. ALso, Let me give you some websites with tips on 
supporting friends with eating disorders." 

Dr. Wade thought about CLaudia after Josie Left. She 
herseLf had notiee CLaudia's Laek of eoneentration in dass, 
and aLthough a perfeetionist, her aeademie performanee was 
sLipping. This student was showing eLear signs of having an 
eating disorder. 

Later we wiLL revisit CLaudia and eheek on her eondition. 
Nutrition and weight eontroL wiLL be discussed in this ehap- 
ter, and we wiLL see how being underweight ean negativeLy 
affeet one's heaLth. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANdLLARIES At-A-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Effeets of Chronic 
Aleohol Abuse 

► Health Professions: Dietitian and 
Nutritionist 


► Detailed ehapter Outline 

► Answers to Questions for Study 
and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 


Chapter 18 Metabolism, Nutrition, and Body Temperature 367 



368 Unit 5 Energy: Supply and Use 


1 A LOOK BACK 

Tbe eoneept of metabolism was introdneed in Gbapter 1 
and applied to disenssion of mnsele fnnetion in Gbapter 7. 
Nntritional stndies also require knoivledge of organie ebem- 
istry, introduced in Gbapter 2 and fmtber disenssed in tbe 
previons ebapter on digestion. Some metabolie reaetions are 
regnlated by bormones, as disenssed in Cbapter 11. Finally, 
revieiving bomeostasis and negative feedbaek ivill belp you 
understand tbe maintenanee ofnormal body temperatme. 

Metabolism 

Chapter 19 discussed how mitrients absorbed from the diges- 
tive traet are ehemieally transformed into other substances for 
the body’s use. These reaetions, along with those involving 
stored body substances, are deseribed as the body’s metabo- 
lism. In Chapter 1, we said that there are two types of meta- 
bolie aetivities: 

■ Catabolism, the breakdown of complex compounds into 
simpler eomponents. Catabolism includes the digestion 
of food into small molecules and the release of energy 
from these molecules within the eell. 

■ Anabolism, the building of simple compounds into 
nutrient storage compounds, structural materials, and 
functional molecules such as enzymes and transporters. 



CELLULAR RESPIRATION 

Energy is released from nutrients in a series of eatabolie reae- 
tions ealled cellular respiration (Fig. 18-1 and íable 18- ). 
These reaetions ean begin with glucose, fatty aeids, or, more 
rarely, amino aeids. We begin our explanation with glucose, a 
simple sugar that is a prineipal energy source for eells. 

Glucose eatabolism: Anaerobie Phase The first 

steps in the breakdown of glucose do not require oxy- 
gen; that is, they are anaerobie. This phase of eatabolism, 
known as glyeolysis (gli-KOL-ih-sis), occurs in the eell’s 
eytoplasm. It yields a small amount of energy, which is 
used to make ATP, the eell’s energy compound. Eaeh glu- 
eose molecule yields enough energy by this proeess to pro- 
duce two molecules of ATP. 

Glyeolysis ends with formation of an organie product 
ealled pyrnvie (pi-REÍ-vik) aeid (pymvate). This organie aeid 
is further metabolized in the next phase of cellular respira- 
tion, which requires oxygen. In muscle eells that need to pro- 
duce large amounts of ATP rapidly, for example, at the start 
of exercise or during very intense exercise, pyruvic aeid ean- 
not be metabolized fast enough and accumulates in the eells. 
In this ease, pymvie aeid is eonverted to a related compound 
ealled laetie aeid. As laetie aeid accumulates in the eells, it ean 
spill over into the blood. Most physiologists do not believe 
that this laetie aeid harms or inhibits the muscle eells in any 
way. It is simply eonverted baek to pymvie aeid and fully 
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Figure 18-1 



Cellular respiration. J KEY POINTThere 


are two stages of glucose catabolism,the first occurring without 
oxygen (anaerobic),followed by steps occurring with oxygen 
(aerobie). (The letter e represents a earbon atom, and the numbers 
show the number of earbon atoms in one molecule of the named 
substance.) In cellular respiration,glucose fìrst yields two molecules 
of pyruvic aeid.These initial steps occur in the eell's eytosol and do 
not require oxygen.The pyruvic aeid is then fully eatabolized in 
the mitoehondria using oxygen.The fìnal products of this phase 
are earbon dioxide and water and a large amount of adenosine 
triphosphate (ATP). llnder anaerobie eonditions, as during intense 
exercise, pyruvic aeid is temporarily eonverted to laetie aeid. When 
oxygen beeomes available,the laetie aeid is eonverted baekto 
pyruvic aeid for eomplete oxidation. Kj ZOOMING IN What does 
pyruvic aeid produce when it is metabolized anaerobieally? What 
does it produce when metabolized eompletely using oxygen? 


metabolized either by other less aetive eells or by the eells that 
produced it when the later steps in metabolism eateh up with 
the anaerobie yield. 

Glucose eatabolism: Aerobie Phase To generate 

enough energy for survival, the body’s eells must break 
pymvie aeid down more eompletely. These next aerobie 
(oxygen-requiring) reaetions occur within the eell’s mito- 
ehondria. They result in transfer of most of the energy 
remaining in the nutrients to ATR On average, eells are 
able to form about 30 molecules of ATP aerobieally per 
glucose molecule. Statements on energy yields may dif- 
fer slightly, because eells in different tissues vary in their 
metabolie pathways and in the amount of energy they use 
to power cellular respiration. In any ease, this additional 
yield is quite an inerease over glyeolysis alone, generally 
resulting in a total of 32 molecules of ATP per glucose as 
eompared to two. 
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Summary of Cellular Resp ration of Glucose 




Phase 


Loeation in Cell 


End Product(s) 


Energy Yield/Glucose 


Anaerobie (glyeolysis) 
Aerobie 


Cytoplasm 

Mitoehondria 


Pyrnvie aeid 

Carbon dioxide and water 


Two adenosine triphosphate (ATP) 
30 ATP 


During the aerobie steps of cellular respiration, the mito- 
ehondria produce earbon dioxide and water. Because of the 
type of ehemieal reaetions involved and because oxygen is 
used in the final steps, cellular respiration is deseribed as nutri- 
ent oxidation. Note that enzymes are required as eatalysts in 
all these metabolie reaetions. Many of the vitamins and min- 
erals deseribed later in this ehapter are parts of these enzymes. 

Although the oxidation of food is often eompared to the 
burning of fuel, this eomparison is inaccurate. Burning fuel 
results in a sudden and often wasteful release of energy in 
the form of heat and light. In eontrast, metabolie oxidation 
occurs in regulated steps, and much of the energy released is 


stored as ATP for later use by the eells; some of the energy is 
released as heat, which is used to maintain body temperature, 
as discussed later in this ehapter. 

The net balaneed equation for cellular respiration, start- 
ing with glucose, is as follows: 

QH 12 0 6 + 6 0 2 —> 6 C0 2 + 6 H 2 0 

glucose oxygen earbon water 

dioxide 

See Box 18-1 for help in understanding this and other 
ehemieal equations. 


ONE STEP AT A TIME 

ehemieal Equations 


Box 18-1 


ln the ease study,Claudia failed to consume 
enough nutrients to meet her body's needs. 
Like everyone, Claudia needs to make ATP from food in order to 
survive. 

The ehemieal equation below shows how glucose is used to 
generate ATP: 

C 6 H 12 0 6 + 6 0 2 —> 6 C0 2 + 6 H 2 0 + ATP + heat 

glucose oxygen earbon water 

dioxide 

A ehemieal equation is a sort of shorthand, used to repre- 
sent a ehemieal reaetion. Familiarity with this shorthand will 
serve you well in your study of the human body. 

QUESTION 

How many oxygen atoms are required to break down a single 
molecule of glucose? How many earbon dioxide molecules are 
produced? 

ANSWER 

Step 1. Identify the elements. As discussed in ehapter 2,eaeh 
element has a one- or two-letter abbreviation.This equation 
includes three elements:earbon (C), hydrogen (H), and oxygen 
(O).The periodie table in Appendix 1 gives you the abbrevia- 
tion for eaeh element. 

Step 2. Identify the molecules. The ehemieal formula of a 
molecule deseribes the atoms it eontains.The subscript shows 
how many atoms of a particular element are found in the mol- 
ecule.So, C 6 0 12 0 6 eontainsóearbon atoms,12 hydrogen atoms, 
and 6 oxygen atoms. Eaeh molecule in the equation above 
is identifìed under its ehemieal formula, but it ean be useful 


to memorize eommon molecules such as water and earbon 
dioxide. 

Step 3. Deeipher the ehemieal equation. Like English sen- 
tences,chemical equations are read left to right.The molecules 
to the left of the sideways arrow reaet together to form the 
products to the right of the arrow. So, glucose and oxygen 
eombine to form earbon dioxide and water. Note that ehemi- 
eal equations only work in the direetion of the arrow.That is, 
earbon dioxide and water do not eombine to form glucose. 
Any equation that ean work in both direetions includes arrows 
going in both direetions. 

Step 4. Determine the quantities involved. Chemical equa- 
tions also deseribe the relative amounts of eaeh molecule. 
Normal ehemieal reaetions eannot ereate or destroy atoms, so 
an equation must eontain the same number of atoms for eaeh 
element on either side of the arrow. For instanee, 12 hydrogen 
atoms reaet (as part of glucose), and 12 hydrogen atoms are 
produced (as part of water). 

So, the answer to the question is that a single glucose mol- 
ecule reaets with 12 oxygen atoms (in the form of 6 oxygen 
molecules) to produce 6 earbon dioxide molecules. 

Note that we see two elements on the right side of the equa- 
tion that are not found on the left—ATP and heat. Without 
going into too much detail about this complex topie, the 
energy in the ehemieal bonds of the glucose molecule enables 
the mitoehondria to make ATP from ADP, producing heat as 
a by-product. Claudia's body has a fìxed need for ATP. Sinee 
she eannot get enough ATP from her consumed nutrients, she 
needs to get it from her body stores. 

See the Study Guide (available separately) for more praetiee 
analyzing ehemieal equations. 
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Cellular Respiration of Fatty Aeids and Amino 

Aeids Fatty aeids and, to a lesser extent, amino aeids ean also 
be oxidized to generate energy. IJnlike glucose, these nutrients 
ean generate ATP only by aerobie meehanisms, so they are of 
minimal use in high-intensity exercise and in eells with few 
mitoehondria. As with pyruvate, fatty aeids and amino aeids 
are broken down eompletely to yield ATP, water, and earbon 
dioxide. The ATP yield and the preeise sequence of ehemieal 
reaetions vary among different fatty aeids and amino aeids. 

Before amino aeids are oxidized for energy, they must 
have their nitrogen (amine) groups removed. This removal, 
ealled deamination (de-am-ih-NA-shun), occurs in the liver, 
where the nitrogen groups are then formed into urea by eom- 
bination with earbon dioxide. The blood transports urea to 
the kidneys to be eliminated. 

METABOLK RATE 

Metabolie rate refers to the rate at which cellular respira- 
tion eonverts nutrients into ATP. Sinee the body produces 
ATP on demand, the metabolie rate relates to overall energy 
requirements. It is affeeted by a person’s size, body fat, sex, 
age, aetivity, and hormones, espeeially thyroid hormone 
(thyroxine). Metabolie rate is high in ehildren and ado- 
leseents and deereases with age. Basal metabolism is the 


amount of energy needed to maintain life functions while 
the body is at rest. Thus, your basal metabolie rate (BMR) 
is the energy you expend eaeh day simply to stay alive. Any 
aetivity you perform, even tapping a toe, inereases your 
energy expenditure above your BMR. 

The unit used to measure energy is the kiloealorie 
(keal), which is the amount of heat needed to raise 1 kg 
of water 1°C. Nutrition information for the general public 
typieally replaees the word kiloealorie with ealorie (C). To 
estimate how many ealories you need eaeh day taking into 
account your aetivity level, see Box 18-2. 

NLITRIENT METABOLISM 

Instead of being proeessed for energy, mitrients may have other 
fates. They ean be eonverted into storage forms, functional 
molecules, or even other nutrient types. Enzymes eatalyze all 
of these ehemieal reaetions. 

Garbohydrates We ingest earbohydrates in many dif- 
ferent forms, as shown in Figure 17-11. As discussed in 
Chapter 17, dietary earbohydrates are digested into mono- 
saeeharides (simple sugars) before absorption into blood. 
The liver then eonverts the monosaeeharides into glucose, 
which ean be used for energy. 



A CLOSER LOOK 


ealorie Counting: Estimating Daily Energy Needs 


Box 18-2 


Have you ever wondered how many ealo- 
ries you need to eat eaeh day in order to 
avoid gaining or losing weight? To answer that 
question, you fìrst need to calculate your basal 
metabolie rate (BMR) and then estimate the ealories you burn 
eaeh day in physieal aetivity. Adding those two numbers together 
should give you your daily ealorie needs. 

You ean estimate your BMR with a simple formula. An 
average woman requires 0.9 keal/kg/h, and a man, 1.0 keal/ 
kg/h. If you need to eonvert your body weight from pounds 
to kilograms (kg), divide your weight in pounds by 2.2. Next, 
multiply your body weight in kilogram by 0.9 if you are female, 
and by 1.0 if you are male.This gives you keal burned per hour. 
Finally, multiply by 24tofind your BMR (the number of keal you 
expend at rest per day). 

For example, if you are female and weigh 132 Ib, your 
equation would be as follows: 


The equation to calculate total energy needs for a 


day is 


BMR + (BMR x aetivity level) 


Using the BMR from our previous example with different 
aetivity levels,the following equations apply: 

At 25% aetivity: 


1,296 keal /d + (1,296 keal/d x 25%) = 1,620 keal/d 


At 60% aetivity: 

1,296 keal/d + (1,296 keal / d x 60%) = 2,073.6 keal /d 

As you ean see, physieal aetivity ean help you main- 
tain a healthful body weight. In this ease, inereased aetivity 
inereased the individual's energy needs by more than 
450 keal/d! 


132 Ib + 2.2 Ib / kg = 60 kg 
0.9 kea I / kg / h x 60 kg = 54 kea I / h 
54 kcal/hx24h/d = 1,296 keal/d 

Notiee that, if you are male, you ean skip step 2, sinee 
you'd simply be multiplying by 1. 

To estimateyour total energy needs for a day,you need to 
add to your BMR a pereentage based on your current aetivity 
level ("couch potato"to serious athlete).These pereentages are 
shown in the table that follows. 


Aetivity Level 


Little aetivity (“couch potato”) 

Light aetivity (e.g., walking to 
and from elass, but little or no 
intentional exercise) 

Moderate aetivity (e.g., aerobies 
several times a week) 

Heavy aetivity (serious athlete) 


Male 

Female 

2S%-AQ% 

25%-35% 

50%-75% 

40%-60% 

65%-80% 

50%-70% 

90%-120% 

80%-100% 
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When nutrients are abundant and the body’s energy 
needs are low, liver and muscle eells eonvert glucose into 
glyeogen (GLI-ko-jen), the storage form of earbohydrates. 
Reeall that the hormone insulin promotes this reaetion. 
When glucose is needed for energy, glyeogen is broken 
down under the influence of the hormone glucagon to yield 
glucose. Muscle glyeogen is used speeifieally in the muscle 
eell that produced it. The glucose from liver glyeogen ean 
be released into the bloodstream to power other eells. If we 
have more glucose in the blood than is needed for energy 
and glyeogen storage, it is eonverted to fat and stored in 
adipose tissue and the liver. ff You ean use your knoivledge 
of word parts to distingnisb between glyeogen and glneose. 
Remember tbat glyeogen generates (gen) glneose (glyeo). 

atS Most tissues ean use fatty aeids for energy. Some 
organs, such as the liver, rely exclusively on fatty aeids, 
and other tissues, such as muscle, use fatty aeids during 
rest and low-intensity exercise. Brain tissue is one excep- 
tion; it relies on glucose or if glucose is not available, par- 
tially eatabolized fatty aeids ealled ketone bodies. Large 
amounts of ketone bodies are produced by the liver in 
eases of starvation or low earbohydrate intake, and the 
ketones ean provide energy for the brain and other tissues. 
They are also produced in uncontrolled diabetes mellitus, 
in which insulin defieieney “trieks” the liver into thinking 
that glucose is unavailable. However, ketone bodies are 
aeidie, and excesses dismpt the body’s aeid-base balanee. 
We will say more about these ehanges in Chapter 19. 

Fatty aeids are a highly eoneentrated energy source and 
generate more ATP per molecule than does glucose. In faet, 
fat in the diet yields more than twice as much energy as 
do protein and earbohydrate; fat yields 9 keal of energy 
per gram, whereas protein and earbohydrate eaeh yields 

4 keal/g. 

Because fats are such a eoneentrated energy source, they 
are the most effieient way to store excess ealories. Excess 
ealorie intake, be it earbohydrate, protein, or fat, ean be eon- 
verted into triglyeerides and stored in adipose tissue. Then, 
in times of nutrient defieieney, the triglyeerides ean be eon- 
verted to fatty aeids for use throughout the body. Adipose tis- 
sue growth is virtually unlimited. Aeeording to the Guinness 
Book of World Reeords in 2014, the world’s heaviest man, 
Jon Brower Minnoeh, lost 924 lb from his peak weight of 
1,400 lb, most of which would have been adipose tissue. 

Proteins There are no speeialized storage forms of pro- 
teins, as there are for earbohydrates (glyeogen) and fats 
(triglyeerides), because speeifie proteins are synthesized 
to meet speeifie body needs. For instanee, trying to lift 
a heavy weight plaees a load on muscle tissue, stimulat- 
ing the production of aetin and myosin proteins. Protein 
consumed in excess of daily needs is not stored as protein, 
but is eatabolized for energy or eonverted to triglyeerides. 
Conversely, when dietary proteins do not meet a person’s 
needs, they must be obtained from structural proteins 
such as those constituting muscle tissue. Moreover, the 
synthesis of needed fimetional proteins slows down. Fats 


and earbohydrates are deseribed as “protein sparing,” 
because they are used for energy before proteins are and 
thus spare proteins for the synthesis of neeessary body 
eomponents. 


CHECKPOINTS 



□ 18-1 What are the two types of aetivities that make up 

metabolism? 


18-2 What name is given to the series of cellular reaetions 
that releases energy from nutrients? 

□ 18-3 What is the organie end product of glyeolysis? 

□ 18-4 What element is required for aerobie cellular respiration 

but not for glyeolysis? 


ensEPOims 



18-1 If Claudia is not getting enough food and is 
metabolizing body fat for energy, what aeidie 
compounds will be produced? 

18-2 If Claudia is metabolizing body proteins for energy, 
what portion needs to be removed from their 
eomponent amino aeids before they are oxidized? 

18-3 Claudia's ideal weight is 126 lb.What is her needed basal 
ealorie intake per day? 

18-4 Aeeording to her friends'deseription of her aetivities, 
what should her minimum daily ealorie intake be? 


Niitritional Guidelines 

The relative amounts of earbohydrates, fats, and proteins 
that should be in the daily diet vary somewhat with the indi- 
vidual. Typieal reeommendations for the number of ealories 
derived eaeh day from the three types of food are as follows: 

■ Carbohydrate: 55% to 60% 

■ Fat: 30% or less 

■ Protein: 15% to 20% 

It is important to realize that the type as well as the amount 
of eaeh nutrient is a faetor in good health. A weight loss diet 
should follow the same proportions as given above but with a 
reduction in portion sizes. 


CARB0HYDRATES 

A healthful diet provides abundant complex earbohy- 
drates, whereas simple sugars are kept to a minimum. 
Simple sugars are monosaeeharides, such as glucose and 
fructose (fruit sugar), and disaeeharides, such as sucrose 
(table sugar) and laetose (milk sugar). Simple sugars are a 
source of fast energy because they are metabolized rapidly. 
However, they boost panereatie insulin output, and as a 
result, they cause blood glucose levels to rise and fall rap- 
idly. It is healthier to maintain steady glucose levels, which 
normally range from approximately 85 to 125 mg/dL 
throughout the day. 
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Dietary Fiber: Bulking Up 

Dietary fìber is best knovvn for its abil- 
ity to improve bovvel habits and promote 
vveight loss. But fìber may also help to prevent 
diabetes, heart disease, and eertain digestive disorders such as 
diverticulitis and gallstones. 

Dietary fiber is an indigestible type of earbohydrate 
found in fruit, vegetables, and vvhole grains. The amount 
of fiber reeommended for a 2,000-eal diet is 25 g/d, but 
most people in the Llnited States tend to get only half this 
amount. One should eat fiber-rieh foods throughout the 
day to meet the requirement. It is best to inerease fiber in 
the diet gradually to avoid unpleasant symptoms, such as 
intestinal bloating and flatulence. If your diet laeks fiber, 


try adding the follovving foods over a period of several 

vveeks: 

■ VVhole grain breads, eereals, pasta, and brovvn riee. These 
add 1 to 3 more grams of fìber per serving than the"white" 
product. 

■ Legumes, which include beans, peas, and lentils.These add 
4to 12goffìberperserving. 

■ Frnits and vegetables. VVhole, raw, unpeeled versions eon- 
tain the most fiber and juices the least. Apple juice has no 
fìber, whereas a whole apple has 3 g. 

■ LJnproeessed bran. This ean be sprinkled over almost any 
food:cereal,soups,and easseroles.One tablespoon adds 2 g 
of fìber. Be sure to take adequate fluids with bran. 


The glyeemie effeet is a measure of how rapidly a par- 
tieiilar food raises the blood glucose level and stiimdates 
the release of insulin. The effeet is generally low for whole 
grains, fruit, vegetables, legumes, and dairy products, and 
high for refined sugars and refined ( u white”) grains. Note, 
however, that the glyeemie effeet of a food also depends on 
when it is eaten during the day and if or how it is eombined 
with other foods. 

Complex earbohydrates are polysaeeharides. 
Examples are: 

■ Starehes, found in grains, legumes, and potatoes and 
other starehy vegetables 

■ Fibers, such as cellulose, peetins, and gums, which are 
the structural materials of plants 

Fiber eannot be used for energy, but it adds bulk to the stool 
and promotes elimination of toxins and waste. It also slows 
the digestion and absorption of other earbohydrates, thus 
regulating the release of glucose. It helps in weight eontrol 
by providing a sense of fiillness and limiting ealorie intake. 
Adequate fiber in the diet lowers eholesterol and helps to 
prevent diabetes, eolon eaneer, hemorrhoids, appendieitis, 
and diverticulitis. Foods high in fiber, such as whole grains, 
fruits, and vegetables, are also rieh in vitamins and minerals 
(see Box 18-3). 

FATS 

Moderate amounts of fats are neeessary for health, provid- 
ing energy and eell eomponents, and adding taste to other 
eritieal nutrients. However, not all fats are the same. The 
healthiness of a triglyeeride is determined by the eharaeter- 
isties of its three fatty aeids. 

Essential Fatty Aeids While any fatty aeid ean provide 

energy, some eell eomponents require speeifie fatty aeids. 
Most fatty aeid varieties ean be synthesized by body eells. 
However, there are two essential fatty aeids, linoleie (lin-o- 


FE-ik) aeid and alpha-linolenie (lin-o-FEN-ik) aeid, which 
must be taken in as food. Finoleie aeid is easily obtained 
through a healthful, balaneed diet that includes plenty of 
vegetables and vegetable oils. It is used to make prosta- 
glandins, among other functions. In eontrast, alpha-linole- 
nie aeid is found primarily in fatty fish and shellfish, dark 
green, leafy vegetables, and flaxseeds, soybeans, walnuts, 
and their oils. Thus, it is somewhat more difficult to obtain. 

Saturated and Unsaturated Fats Fats are subdi- 

vided into saturated and unsaturated forms based on their 
ehemieal structures. The fatty aeids in saturated fats have 
more hydrogen atoms in their molecules because they have 
no double bonds between earbons atoms. In other words, 
their earbon atoms are fully “saturated” with hydrogen 
(Fig. 18-2). Most saturated fats are from animal sources 
and are solid at room temperature, such as butter and lard. 
Also included in this group are the so-ealled tropieal oils: 
coconut oil and palm oil. 

Unsaturated fats are derived from plants. They are 
liquid at room temperature and are generally referred to 
as oils, such as eorn, peanut, olive, and eanola oils. Their 
fatty aeids have one or more double earbon bonds, which 
exclude hydrogen (see Fig. 18-2). An unsaturated fatty aeid 
is monounsaturated if it has a single double bond and poly- 
unsaturated if it has more than one double bond. You may 
have heard or read about fatty aeids deseribed as “omega” 
aeids with a number. This terminology refers to the position 
of the last double-bonded earbon in the ehain with regard 
to the last earbon, named the omega earbon for the last 
letter of the Greek alphabet. In the essential fatty aeid lin- 
oleie aeid, for example, the last double-bonded earbon is 
the sixth earbon from the omega earbon, so linoleie aeid is 
an omega-6 fatty aeid (see Fig. 18-2B). The essential fatty 
aeid alpha-linolenie aeid is an omega-3 fatty aeid. As to fat 
intake, a predominanee of unsaturated fats in general, in 
addition to the previously mentioned essential fatty aeids, 
contributes to a healthfifi diet. 
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Saturated fats should make up less than one-third of the 
fat in the diet (less than 10% of total ealories). Diets high 
in saturated fats are assoeiated with a higher than normal 
ineidenee of eaneer, heart disease, and cardiovascular prob- 
lems, although the relation between these faetors is not fully 
understood. 
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Figiire 18-2 


Saturated and unsaturated fats. (j KEY POINT 


Saturated and unsaturated fats differ in their bonding structures. 

A. Saturated fatty aeids eontain the maximum numbers of hydrogen 
atoms attaehed to earbons and no double bonds between earbon 
atoms. B. Unsaturated fatty aeids have less than the maximum number 
of hydrogen atoms attaehed to earbons and one or more double bonds 
between earbon atoms (highlighted).The first earbon in the ehain (top) 
is the alpha carbon;the last (bottom) is the omega carbon.The"omega" 

are deseribed aeeording to how many earbons there are 
from the last double-bonded earbon in the ehain to the omega earbon, 
such as omega-3, omega-6. Linoleie aeid is an omega-6 fatty aeid. 



Because most unsaturated fats are liquid and easily 
beeome raneid (spoil), eommereial food manufacturers have 
used fats that are artifieially saturated to extend shelf life 
and improve eonsisteney of foods. These fats are listed on 
food labels as partially hydrogenated (hi-DRO-jen-a-ted) 
vegetable oils and are found eommonly in baked goods, pro- 
eessed peanut butter, vegetable shortening, and some solid 
margarines. Evidenee shows that eomponents of hydroge- 
nated fats, known as trans fatty aeids , are more harmful 
than even natural saturated fats. They raise blood levels 
of LDL (the less healthful lipoproteins) and lower levels of 
HDLs (the healthful lipoproteins). Lood manufacturers are 
responding to evidenee that trans fats are harmful and are 
making efforts to remove them from proeessed foods. Many 
countries now require labeling of trans fat eontent on food 
labels. In the LJnited States, trans fat eontents of 0.5 g or 
more per serving must be listed. Bear in mind, though, that 
restaurants still may be using trans fats in eooking, espe- 
eially deep-frying. 

PROTEINS 

The synthesis of eaeh protein requires a speeifie set 
of amino aeids. Of the 20 amino aeids needed to build 
proteins, metabolie reaetions ean synthesize 11 inter- 
nally. These 11 amino aeids are deseribed as nonessential 
because they need not be taken in as food (Table 18-2). 
The remaining nine amino aeids eannot be made metaboli- 
eally and therefore must be taken in as part of the diet; 
these are the essential amino aeids. Note that some non- 
essential amino aeids may beeome essential under eertain 
eonditions, as during extreme physieal stress, or in eertain 
hereditary metabolie diseases. 

Because proteins, unlike earbohydrates and fats, are 
not stored in speeial reserves, protein foods should be eon- 
sumed regularly with attention to obtaining the essential 
amino aeids. Most animal proteins supply all of the essen- 
tial amino aeids and are deseribed as eomplete proteins. 
m Note tbat a eomplete protein does not need to eontain 
every nonessential amino aeid, beeanse tbey ean be syn- 
tbesized by tbe body. Most plant proteins are laeking in 
one or more of the essential amino aeids. People on striet 
vegetarian diets must learn to eombine foods, such as 
legumes (e.g., beans and peas) with grains (e.g., riee, eorn, 
or wheat), to obtain all the essential amino aeids eaeh day. 
Figure 18-3 demonstrates the prineiples of eombining two 
foods, legumes and grains, to supply essential amino aeids 
that might be missing in one food or the other. Legumes 
are rieh in isoleucine and lysine but poor in methionine and 
tryptophan, while grains are just the opposite. Lor illustra- 
tion purposes, íable 18-2 includes only the four missing 
essential amino aeids (there are nine total). Traditional eth- 
nie diets refleet these healthful eombinations, for example, 
beans with eorn or riee in Mexican dishes or ehiekpeas and 
lentils with wheat in Middle Eastern fare. Nuts and veg- 
etables also provide plant proteins; thus, a peanut butter 
sandwich on whole grain bread or vegetables over riee are 
other eomplementary eombinations. 
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Amino Aeids 


Nonessential Amino Aeids 3 


Name 


Pronunciation 




Essential Amino Aeids* 


Name c 


Pronunciation 


Alanine 

AL-ah-nene 

Histidine 

HlS-tih-dene 

Arginine 

AR-jih-nene 

Isoleucine 

i-so-LU-sene 

Asparagine 

ah-SPAR-ah-jene 

Leucine 

LU-sene 

Aspartie aeid 

ah-SPAR-tik AH-sid 

Lysine 

Ll-sene 

Cysteine 

SlS-teh-ene 

Methionine 

meh-THI-o-nene 

Glutamic aeid 

glu-TAM-ik AH-sid 

Phenylalanine 

fen-il-AL-ah-nene 

Glutamine 

GLU-tah-mene 

Threonine 

THRE-o-nene 

Glyeine 

GLY-sene 

Tryptophan 

TRIP-to-fan 

Proline 

PRO-lene 

Valine 

VA-lene 

Serine 

SERE-ene 



Tyrosine 

Tl-ro-sene 




“Nonessential amino aeids ean be synthesized by the body. 

b Essential amino aeids eannot be synthesized by the body; they must be taken in as part of the diet. 

c If you are ever ealled upon to memorize the essential amino aeids, the mnemonie (memory deviee) Pvt. T. M. Hill gives the first letter of eaeh name. 


MINERALS AND VITAMINS 

In addition to needing earbohydrates, fats, and proteins, the 
body requires minerals and vitamins. 

Minerals are ehemieal elements needed for body struc- 
ture, fluid balanee, and such aetivities as muscle eontraetion, 
nerve impulse conduction, and blood elotting. Some miner- 
als are eomponents of vitamins. A list of the main minerals 
needed in a proper diet is given in Table 18- . Some addi- 
tional minerals not listed are also required for good health. A 
mineral needed in extremely small amounts is referred to as 
a traee element. 

Vitamins are complex organie substances needed in small 
quantities. Vitamins are parts of enzymes or other substances 

Essential Amino Aeids* 

Isoleucine Lysine Methionine Tryptophan 



Grains 


essential for metabolism, and vitamin defieieneies lead to a 
variety of nutritional diseases. 

The water-soluble vitamins are the B vitamins and vita- 
min C. These are not stored and must be taken in regularly 
with food. The fat-soluble vitamins are A, D, E, and K. These 
vitamins are kept in reserve in fatty tissue. Excess intake of 
the fat-soluble vitamins ean lead to toxicity. A list of vitamins 
is given in able 18-4 . 

Certain substances are valuable in the diet as antioxi- 
dants. They defend against the harmful effeets of reaetive 
oxygen speeies (ROS), also deseribed as free radieals , highly 
reaetive and unstable molecules produced from oxygen in 
the normal course of metabolism (and also resulting from 
UV radiation, air pollution, and tobaeeo smoke). ROS eon- 
tribute to aging and disease. Antioxidants reaet with these 
damaging molecules to stabilize them and minimize their 
harmful effeets on eells. Vitamins C and E and beta-earo- 
tene, an orange pigment found in plants that is eonverted 
to vitamin A, are antioxidants. There are also many eom- 
pounds found in plants (e.g., soybeans and tomatoes) that 
are antioxidants. 


Legumes 
and grains 
eombined 


* There are nine essential amino aeids; the graph includes 
four for the purposes of illustration. 


Figiire 18-3 


Combining foods to obtain the essential amino 


aeids. 



KEY POINTThere are nine essential amino aeids. If 


someone does not eat animal proteins, most of which supply all of 
the essential amino acids,foods must be eombined to supply all the 
needed amino aeids within the day. In this illustration, legumes and 
grains are eombined to provide four of the nine essential amino aeids 


Mineral and Vitamin Supplements The need 

for adding mineral and vitamin supplements to the diet 
of healthy individuals is a subject of eontroversy. Some 
researehers maintain that adequate amounts of these 
substances ean be obtained from a varied, healthful diet. 
Many eommereial foods, including milk, eereal, and bread, 
are already fortified with minerals and vitamins. Others 
hold that pollution, depletion of the soils, and the storage, 
refining, and proeessing of foods make additional supple- 
mentation benefieial. At present, researeh does not support 
elaims that multivitamins inerease longevity, improve brain 
function, prevent eaneer, or eonvey infeetion resistanee 
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Minerals 




Mineral 


Functions 


Sources 


Results of Defieieney 


Calcium (Ca) 

Phosphoms (P) 

Sodium (Na) 

Potassium (K) 

ehloride (Cl) 

Iron (Fe) 

Iodine (I) 
Magnesium (Mg) 

Manganese (Mn) 
Copper (Cu) 

Chromium (Cr) 

Cobalt (Co) 

Zine (Zn) 

Fluoride (F) 


Formation of bones and teeth; 
blood elotting; nerve conduction; 
muscle eontraetion 

Formation of bones and teeth; 
found in ATP, nucleic aeids 

Fluid balanee; nerve impulse 
conduction; muscle eontraetion 

Fluid balanee; nerve and muscle 
aetivity 

Fluid balanee; hydroehlorie aeid 
in stomaeh 

Oxygen earrier (hemoglobin, 
myoglobin) 

Thyroid hormones 

Catalyst for enzyme reaetions; 
earbohydrate metabolism 

Catalyst in aetions of calcium 
and phosphoms; faeilitator of 
many cellular proeesses 

Neeessary for absorption and use 
of iron in formation of hemoglobin; 
part of some enzymes 

Works with insulin to regulate blood 
glucose levels 

Part of vitamin B 12 

Promotes earbon dioxide transport 
and energy metabolism; found in 
enzymes 

Prevents tooth deeay 


Dairy products, eggs, green 
vegetables, legumes (peas 
and beans) 

Meat, íish, poultry, egg yolk, 
dairy products 

Most foods, espeeially 

proeessed foods, table salt 

Fmits, meats, seafood, milk, 
vegetables, grains 

Meat, milk, eggs, proeessed 
food, table salt 

Meat, eggs, fortified eereals, 
legumes, dried fmit 

Seafood, iodized salt 

Green vegetables, grains, 
nuts, legumes 

Many foods 

Meat, water 

Meat, unrefined food, fats 
and oils 

Animal products 

Meat, fish, poultry, grains, 
vegetables 

Fluoridated water, tea, 
seafood 


Riekets, tetany, 
osteoporosis 

Osteoporosis, abnormal 
metabolism 

Weakness, eramps, 
diarrhea, dehydration 

Muscular and neurologic 
disorders 

Rarely occurs 

Anemia, dry skin, 
indigestion 

Hypothyroidism, goiter 

Spastieity, arrhythmia, 
vasodilation 

Possible reproductive 
disorders 

Anemia 


Inability to use glucose 

Pernicious anemia 

Alopeeia (baldness); 
possibly related to 
diabetes 

Dental earies 


in healthy adults, including in the elderly. Earlier studies 
noted that individuals with ehronie illnesses often have 
vitamin defieieneies, but the defieieneies may be the result 
rather than the cause of the disease. 

Nevertheless, speeifie populations benefit from speeifie 
supplements. Pregnant women and their babies, for instanee, 
benefit from supplemental iron and folie aeid, and individuals 
with low bone mass improve when treated with vitamin D. 
When required, supplements should be seleeted by a phy- 
sieian or nutritionist to fit an individual’s particular needs. 
Megavitamin dosages may cause unpleasant reaetions and in 
some eases are hazardous. Fat-soluble vitamins have caused 
serious toxic effeets when taken in excess of the established 
safe upper limit (UL). 

USDA DIETARY GLIIDELINES 

The United States Department of Agriculture (USDA) has 
published dietary guidelines at regular intervals sinee 1916. 
The newest guidelines, MyPlate (Fig. 18-4), were updated 
and simplified in 2011 to replaee the earlier Food Guide 
Pyramid. The plate in the new graphie is divided into four 


seetions for fruits, grains, vegetables, and proteins in the 
relative proportion that eaeh should make up in the diet. 
A fifth eategory, dairy, is represented by a cup, suggest- 
ing milk and milk products, such as eheeses and yogurt. 
Low-fat varieties are reeommended, and for those who 
ean’t consume milk because of laetose intoleranee or who 
ehoose not to consume milk, intakes of laetose-free prod- 
ucts or other good sources of calcium are reeommended. 
This mineral is also found in green vegetables and legumes. 

A full deseription of the guidelines and much 
supplementary information ean be found online at 
ChooseMyPlate.gov. Here you ean eliek on eaeh seetion of 
the plate to see what foods are in eaeh group. The protein 
seetion speeifies a nutrient eategory rather than a type of 
food. Foods high in proteins are meat, poultry, seafood, 
and eggs, but proteins are also found in plant products, 
such as seeds, nuts, legumes, and grains. The guidelines 
aeeommodate individual variation. On the website, you 
ean get a personalized estimate of what and how much 
you should eat based on your height, weight, age, sex, and 
level of physieal aetivity. You ean also assess your diet and 
plan healthy menus. 
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Vitamins 




Vitamins 


Functions 


Sources 


Results of Defieieney 


A (retinol) 


B a (thiamin) 


B 2 (riboflavin) 

B 3 (niaein, nieotinie 
aeid) 

B 6 (pyridoxine) 


Pantothenie aeid 
B 12 (eyanoeobalamin) 

Biotin (a B vitamin) 

Folate (folie aeid, 
a B vitamin) 

C (aseorbie aeid) 


D (ealeiferol) 


E (toeopherol) 
K 


Required for healthy epithelial tissue 
and for eye pigments; involved in 
reproduction and immunity 

Required for enzymes involved 
in oxidation of nutrients; 
nerve function 


In enzymes required for 
oxidation of nutrients 

Involved in oxidation of 
nutrients 

Amino aeid and fatty aeid 
metabolism; formation of 
niaein; manufacture of red 
blood eells 

Essential for normal growth; 
energy metabolism 

Production of eells; maintenanee 
of nerve eells; fatty aeid and 
amino aeid metabolism 

Involved in fat and glyeogen 
formation, amino aeid 
metabolism 

Required for amino aeid 

metabolism; DNA synthesis; 
maturation of red blood eells 

Maintains healthy skin and 
mucous membranes, involved 
in synthesis of eollagen; 
antioxidant 

Aids in absorption of calcium 
and phosphoms from 
intestinal traet 

Proteets eell membranes; 
antioxidant 

Synthesis of blood elotting 
faetors; bone formation 


Orange frnits and vegetables, 
liver, eggs, dairy products, 
dark green vegetables 

Pork, eereal, grains, meats, 
legumes, nuts 

Milk, eggs, liver, green leafy 
vegetables, grains 

Yeast, meat, liver, grains, 
legumes, nuts 

Meat, fish, poultry, fruit grains, 
legumes, vegetables 

Yeast, liver, eggs, and many 
other foods 

Animal products 

Peanuts, liver, tomatoes, 
eggs, oatmeal, soy, and 
many other foods 

Vegetables, liver, legumes, 
seeds 

Citrus frnits, green vegetables, 
potatoes, orange frnits 


Fatty fish, liver, eggs, 
fortified milk, eereal 

Seeds, green vegetables, 
nuts, grains, oils 

Liver, eabbage, and leafy 
green vegetables. Baeteria in 
digestive traet 


Night blindness, dry, sealy 
skin, deereased immunity 

Beriberi, a disease of nerves 


Skin and tongue disorders 

Pellagra with dermatitis, 
diarrhea, mental disorders 

Anemia, irritability, 
convulsions, muscle 
twitching, skin disorders 

Sleep disturbances, digestive 
upset 

Pernicious anemia 

Laek of eoordination, 
dermatitis, fatigue 

Anemia, digestive disorders, 
neural tube defeets in the 
embryo 

Scurvy, poor wound healing, 
anemia, weak bones 


Riekets, bone deformities, 
osteoporosis 

Anemia, muscle and liver 
degeneration, pain 

Hemorrhage 


The guidelines stress the following: 

Moderation. A single serving or portion is smaller than 
most people think. 

Variety in the diet. Foods in all the groups are needed 
eaeh day for good health. 

Eating frnits and vegetables. Most people need more of 
these in their diets. 

Choice of unrefined foods, such as whole grains, and 
unprocessed foods. At least one-half the grains in the diet 
should be whole grains. 

Drinking water instead of sugary beverages. 

The importanee of exercise for good health. 


The MyPlate graphie does not include oils, solid fats, or 
sugars. Although oils in moderation are important for health, 
solid fats and added sugars (SoFAS) are deseribed as “empty 
ealories” that provide ealories but little mitrition. These are 
“extras” that you ean eat within your reeommended daily 
energy limit after you meet your nutritional needs. Of course, 
you could also seleet additional foods from among the ree- 
ommended nutrient-rich groups to satisfy your energy needs. 
Limiting salt intake, espeeially in proeessed foods and restau- 
rant fare, is also important because excess salt intake may eon- 
tribute to high blood pressure. 

The dietary guidelines are updated regularly. Issues 
always under eonsideration include weight eontrol and giv- 
ing attention to speeial groups, such as ehildren, older adults, 
and pregnant or breast-feeding women. Any guidelines also 
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Figure 18-4 


USDA dietary guidelines.The plate shows the 


reeommended proportion of eaeh food eategory in the diet. 


should aeeommodate people with speeial needs or dietary 
preferenees, such as people with gluten allergies, those who 
are laetose intolerant, striet vegetarians (vegans) who eat no 
animal products, and vegetarians who eat dairy products and 
eggs (laeto-ovo vegetarians). 


See the Student Resources on thePoint® for informa- 
tion on dietitians and nutritionists, who study nutri- 
tion and metabolism and help people plan healthful 
diets. 


ALC0H0L 

Aleohol yields energy in the amount of 7 keal/g, but it is not 
eonsidered a nutrient because it does not yield useful end prod- 
ucts. In faet, aleohol interferes with metabolism and eontrib- 
utes to a variety of disorders. 

The body ean metabolize about 1/2 oz of pure aleohol 
(ethanol) per hour. This amount translates into one glass of 
wine, one ean of beer, or one shot of hard liquor. Consumed 
at a more rapid rate, aleohol accumulates in the bloodstream 
and affeets many eells, notably in the brain. 

Aleohol is rapidly absorbed through the stomaeh and 
small intestine and is detoxified by the liver. When delivered 
in excess to the liver, aleohol ean lead to the accumulation 
of fat as well as inflammation and searring of liver tissue. 
It ean eventually cause eirrhosis ( sib-RO-sis ), which involves 
irreversible ehanges in liver structure. Aleohol metabolism 
ties up enzymes needed for oxidation of nutrients and also 
results in byproducts that aeidify body flmds. Other effeets of 
aleoholism include obesity, malnutrition, eaneer, ulcers, and 
fetal aleohol syndrome. Health professionals advise pregnant 


women not to drink any aleohol. In addition, aleohol impairs 
judgment and leads to inereased involvement in motor vehi- 
ele aeeidents, drownings, falls, and other aeeidental injuries. 

Moderate aleohol consumption is defined as no more 
than one drink per day for women and two drinks per day for 
men. Current researeh suggests that moderate aleohol eon- 
sumption is eompatible with good health and may even have 
a benefieial effeet on the cardiovascular system. 


See the Student Resources on thePoinf for a sum- 
mary of the effeets of aleohol abuse. 


CHECKPOINTS 



18-5 VVhat is the term for how rapidly a food raises the blood 
glucose level? 


18-6 VVhat is meant when an amino aeid or a fatty aeid is 
deseribed as essential? 


18-7 VVhat is the differenee between saturated and 
unsaturated fats? 

□ 18-8 VVhat is the differenee between vitamins and minerals? 

18-9 How much pure aleohol ean the average person 
metabolize per hour? 


C7\SEP0imS 



18-5 Because she was eoneerned about her weight, Claudia's 
diet was praetieally fat free and her fat stores are very 
low.Which important vitamins will she laek? 

18-6 What are other important roles of adipose tissues that 
will be eompromised in Claudia's ease? 


WEIGHT C0NTR0L 

Body mass index (BMI) is a measurement used to evaluate 
body size. It is based on the ratio of weight to height (Fig. 18-5). 
BMI is calculated by dividing weight in kilograms by height 
in meters squared. (For those not accustomed to using the 
metrie system, an alternate method is to divide weight in 
pounds by the square of height in inehes and multiply by 
703.) A healthy range for this measurement is 18.5 to 24.9. 

BMI does not take into account the relative amount of 
muscle and fat in the body. For example, a bodybuilder might 
be healthy with a higher than typieal BMI because muscle has 
a higher density than fat. Researehers have also noted that 
people of different ethnieities eommonly have different levels 
of body fat at the same BMI. Finally, BMI does not give a fair 
indieation of overweight or obesity in people over age 65 or in 
ehildren. Alternative measures of adiposity include the body 
adiposity index (BAI), which eompares hip circumference 
and height, and the waist to height ratio (WtH). However, 
none of these measures have reeeived widespread aeeeptanee. 

Overvveight and Obesity Overweight is defined as a 
BMI of 25 to 30 and obesity as a BMI greater than 30. 
Although the prevalenee of overweight among Amerieans 
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Calculation of body mass index (BMI) 



Figure 18-5 


Calculation of body mass index (BMI). 


f KEY POINT BMI is a measurement used to evaluate body size 
based on the ratio of weight to height. (j ZOOMING IN What is 
the BMI of a male 5 ft 10 in in height who weighs 170 Ib? (Round off 
to one deeimal plaee.) 


has fluctuated between 31% and 34% sinee national sur- 
veys began in 1960, it is eommon knowledge that obesity 
has inereased in these deeades. In 1962, the U.S. obesity 
rate was below 14%. In 2009-2010, 35.7% of Amerieans 
were obese. 

The causes of obesity are complex, involving soeial, 
eeonomie, genetie, psyehologieal, and metabolie faetors. 
Obesity shortens the life span and is assoeiated with ear- 
diovascular disease, diabetes, some eaneers, and other 
diseases. Unfortunately, obesity rates have also inereased 
among Ameriean ehildren. Not surprisingly, the inei- 
denee of type 2 diabetes, onee eonsidered to have an 
adult onset, has also inereased greatly among ehildren. 
Some researehers hold that obesity has a eloser eorrela- 
tion to ehronie disease than poverty, smoking, or drink- 
ing aleohol. 

Seientists are studying the nervous and hormonal 
eontrols over weight, but so far they have not found any 
effeetive and safe drugs for weight eontrol. For most 
people, a varied diet eaten in moderation and regular 
exercise are the surest ways to avoid obesity. Reeent 
studies have questioned the belief that weight loss is best 
aeeomplished with large volume, low-intensity exercise. 
A number of investigators have found that high-intensity 
intermittent exercise (HIIE) results in much more fat loss 
(both subcutaneous and viseeral) than low-intensity exer- 
eise. HIIE protoeols are quite short, involving perhaps 
20 minutes of exercise alternating between eight-seeond 
sprints and 12-seeond reeovery periods. Researehers are 
still determining the meehanisms underlying this unex- 
peeted result, but they suspect deereased appetite, good 
adherenee to the exercise program, and deereased insulin 
resistanee are involved. 


Underweigl A BMI of less than 18.5 is defined as 

underweight. People who are underweight ean have as 
much difficulty gaining weight as others have losing it. The 
problem of underweight may result from eating disorders, 
rapid growth, allergies, illness, or psyehologieal faetors. 
It is assoeiated with low reserves of energy, reproduc- 
tive disturbances, and nutritional defieieneies. In women, 
inadequate fat stores lead to a laek of estrogen produc- 
tion which may cause menstmal periods to eease. To gain 
weight, people have to inerease their intake of ealories, but 
they should also engage in regular exercise to add rmisele 
tissue and not just fat. 

A ehronie loss of appetite, ealled anorexia (an-o-REK- 
se-ah), may be caused by a great variety of physieal and 
mental disorders. Because the hypothalamus and the higher 
brain eenters are involved in the regulation of hunger, it is 
also possible that emotional and soeial faetors contribute to 
the development of anorexia. Anorexia nervosa is a psyeho- 
logieal disorder that predominantly affliets young women, as 
illustrated in Claudia’s opening ease study. In a desire to be 
excessively thin, affeeted people literally starve themselves, 
sometimes to the point of death. 


CHECKPOINT 



□ 18-10 VVhat does the abbreviation BMI stand for? 


ensEPOim 



18-7 Gaiidia is 5'4'df she weighs 106 Ib, what would her 
BMI be? 


Niitrition and Aging 

With age, a person may find it difficult to maintain a balaneed 
diet. Often, the elderly lose interest in buying and preparing 
food or are unable to do so. Because metabolism generally 
slows and less food is required to meet energy needs, nutri- 
tional defieieneies may develop. With age, the ability to synthe- 
size vitamin D deelines, and the kidneys are less able to eonvert 
it to its aetive form. Older adults may need supplements of 
vitamin D as well as calcium to prevent loss of bone density. 
The senses of smell and taste beeome less acute with age, 
diminishing appetite. Medieations may interfere with appetite 
and with the absorption and use of speeifie nutrients. 

It is important for older people to seek out foods that are 
“mitrient dense,” that is, foods that have a high proportion 
of nutrients in eomparison with the number of ealories they 
provide. Exercise helps boost appetite and maintain muscle 
tissue, which is more metabolieally aetive. 


Body Temperatiire 

Heat is an important byproduct of the many ehemieal aetiv- 
ities eonstantly occurring in body tissues. At the same time, 
heat is always being lost through a variety of outlets. Under 
normal eonditions, negative feedbaek keeps body tempera- 
ture eonstant within quite narrow limits. Maintenanee of 
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a eonstant temperature despite both internal and external 
influences is one phase of homeostasis, the tendeney of all 
body proeesses to maintain a normal state despite forees 
that tend to alter them. 

HEAT PR0DUCTI0N 

A mitoehondrion produces a eertain amount of heat every 
time it makes a molecule of ATP. Therefore, heat produc- 
tion direetly eorrelates with tissue aetivity. The aetivity of 
most tissues, including the brain and liver, remains eonstant. 
(An inerease in nervous tissue aetivity is not assoeiated with 
inereased ATP production, so studying hard doesn’t burn more 
ealories or generate additional heat.) 

Muscle eell aetivity and heat production, though, inerease 
enormously with exercise. Food intake also augments heat 
production, because of the high energy eost of proeessing and 
storing nutrients. This ehange is greatest with protein-rieh 
meals and lowest with fat-rieh meals. 

High heat-generating tissues do not beeome much 
warmer than others because the circulating blood distributes 
the heat fairly evenly. For instanee, strenuous exercise ean 
make your head feel hot even though the heat was generated 
in the leg muscles. 

In addition to exercise and digestion, hormones, such as 
thyroxine from the thyroid gland, epinephrine (adrenaline) 
from the adrenal medulla, and progesterone from the ovary 
inerease heat production. 

HEAT LOSS 

Although 15% to 20% of heat loss occurs through the respira- 
tory system and with urine and feees, more than 80% of heat 
loss occurs through the skin. Networks of blood vessels in the 
skin’s dermis (deeper part) ean bring eonsiderable quantities 
of blood near the surface, so that heat ean be dissipated to the 
outside. 

Meehanisms Of Heat Loss Heat loss from the skin 

ean occur in several ways (Fig. 18-6): 


■ In radiation, heat travels from its source as heat waves 
or rays. Radiation does not require eontaet between the 
heat source and the heat reeeiver. 

■ In eonveetion, heat transfer is promoted by movement 
of a eooler eontaeting medium. For example, if the air 
around the skin is put in motion, as by an eleetrie fan, 
the layer of heated air next to the body is eonstantly ear- 
ried away and replaeed with eooler air. Another example 
of eonveetion is the transfer of heat from muscle tissue 
to circulating blood. 

■ In evaporation, heat is lost in the proeess of ehanging a 
liquid to the vapor state. Heat from the skin provides the 
energy to evaporate sweat from the skin’s surface, just as 
heat applied to a pot of water eonverts the water to steam. 

■ In conduction, a warm objeet transfers heat energy to a 
eooler objeet. For example, heat ean be transferred from 
the skin direetly to an iee paek. 

To illustrate evaporation, rub some aleohol on your skin; it 
evaporates rapidly, using so much heat that your skin feels 
eold. Perspiration does the same thing, although not as quickly. 

Prevention Of Heat Loss Faetors that play a part 

in heat loss include the volume of tissue eompared with 
the amount of skin surface. A ehild loses heat more rap- 
idly than does an adult. Such parts as fingers and toes are 
affeeted most by exposure to eold because they have a 
great amount of skin eompared with total tissue volume. 

An effeetive natural insulation against heat loss is the 
layer of fat under the skin. The degree of insulation depends 
on the thiekness of the subcutaneous layer. Even when skin 
temperature is low, this fatty tissue prevents the deeper tis- 
sues from losing much heat. On average, this layer is slightly 
thieker in females than in males. 

TEMPERATURE REGULATI0N 

Body temperature remains within narrow limits despite wide 
variations in the rate of heat production or loss because of 
internal temperature-regulating meehanisms. 



A Radiation B Convection C Evaporation 



D Conduction 


Meehanisms of heat loss. ( KEY POINTThere are four proeesses that promote heat loss of body heat to the 


Figure 18-6 


environment. A. Radiation—Heat travels away as heat waves or rays. B. Convection—Heat transfer is promoted by movement of a eooler 
medium. C. Evaporation—Heat is used to ehange a liquid (such as sweat) to a vapor. D. Conduction—Heat is transferred to a eooler objeet 
(j ZOOMING IN What will happen in (B) if the fan speed is inereased? What will happen in (C) if environmental humidity inereases? 
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Reeall from Chapter 1 that a negative feedbaek loop 
includes sensors, an integrating eenter, and effeetors. The 
integrating eenter in heat regulation is the hypothalamus, the 
area of the brain loeated just above the pituitary gland. The 
hypothalamus reeeives information from temperature reeep- 
tors in the skin and within the hypothalamus itself and sends 
signals to numerous effeetors, including muscles and blood 
vessels. 

Responses to Cold Gonditions If the sensors 

indieate that body temperature is lower than the set 
point, hypothalamie signals stimulate eonstrietion of 
blood vessels in skin to reduce heat loss (Fig. 18-7A). 
In addition, impulses sent to the skeletal muscles cause 
shivering, rhythmie eontraetions that result in inereased 
metabolie heat production. Equally important are our 
conscious responses to eold eonditions. The hypothal- 
amus notifies the eerebral cortex that body tempera- 
ture is unpleasantly low, inspiring behavioral responses 
such as finding a warmer environment or adding extra 
elothing. Clothes reduce heat loss by eonveetion and 
radiation. 

Responses tO Hot Oonditions Hot environmental 

eonditions ean provide a particular ehallenge to thermo- 
regulation, because the body must disperse heat gained 
from solar radiation (Fig. 18-7B). Moreover, the smaller 
differenee between body temperature and air temperature 
deereases the body’s ability to lose heat by eonveetion and 
conduction. 

If body temperature inereases above the set point, sig- 
nals from the hypothalaimis cause cutaneous blood ves- 
sels to dilate, so that inereased blood flow will promote 
heat loss. The hypothalamus also stirmilates the sweat 
glands to inerease their aetivity, thus maximizing evapo- 
ration. However, the rate of heat loss through evapora- 
tion depends on the humidity of the surrounding air. When 
humidity exceeds 60% or so, perspiration does not evapo- 
rate as readily, making one feel uncomfortable unless some 
other means of heat loss is available, such as eonveetion 
caused by a fan. It’s important to remember that sweat 
only eools the body if it evaporates. Wiping away sweat 
eliminates its usefulness. 

Muscles are espeeially important in temperature regu- 
lation because variations in the aetivity of these large tis- 
sue masses ean readily inerease or deerease heat generation. 
Because muscles form roughly one-third of the body, either 
an involuntary or an intentional inerease in their aetivity ean 
produce enough heat to offset a eonsiderable deerease in the 
environmental temperature. 

Age aetors Very young and very old people are lim- 
ited in their ability to regulate body temperature when 
exposed to environmental extremes. A newborn infant’s 
body temperature deereases if the infant is exposed to a 
eool environment for a long period. Elderly people are also 
not able to produce enough heat to maintain body tem- 
perature in a eool environment. 



Peripheral 
vasoeonstrietion 
lessens heat 
loss from warm 
blood. 


radiative 



Clothing lessens 
eonveetive and 


heat loss 


Shivering 
generates 
more body 
heat. 


A Cold eonditions 



Peripheral vasodilation 
inereases heat loss by 
radiation/ eonveetion. 



B Hot eonditions 
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Evaporating 
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Figure 18-7 


Thermoregulation. (j KEY POINT Negative 


feedbaek loops help maintain body temperature within normal 
limits. A. llnder eold eonditions, physiologieal and behavioral 
responses limit heat loss and generate additional metabolie heat. 
B. llnder hot conditions,sweating and peripheral vasodilation 
help the body shed metabolie heat and heat absorbed from solar 
radiation. fj ZOOMING IN Is blood flow in the skin higher under 
eold eonditions or hot eonditions? 


With regard to overheating in these age groups, heat 
loss meehanisms are not fully developed in the newborn. 
The elderly do not lose as much heat from their skin as 
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do younger people. Both groups should be proteeted from 
extreme temperatures. 

Normal Body Temperatiire The normal tempera- 

ture range obtained by either a mercury or an eleetronie 
thermometer may vary from 36.2°C to 37.6°C (97°F to 
100°F). Body temperature varies with the time of day. 
Usually, it is lowest in the early morning because the mus- 
eles have been relaxed and no food has been taken in for 
several hours. Body temperature tends to be higher in the 
late afternoon and evening because of physieal aetivity and 
food consumption. 

Normal temperature also varies in different parts of the 
body. Skin temperature obtained in the axilla (armpit) is 
lower than mouth temperature, and mouth temperature is 
a degree or so lower than reetal temperature. It is believed 
that, if it were possible to plaee a thermometer inside the 
liver, it would register a degree or more higher than ree- 
tal temperature. The temperature within a muscle might be 
even higher during aetivity. 


Although the Fahrenheit seale is used in the United 
States, in most parts of the world, temperature is measured 
with the Celsius (SEL-se-us) thermometer. On this seale, the 
iee point is at 0° and the normal boiling point of water is at 
100°, the interval between these two points being divided 
into 100 equal units. The Celsius seale is also ealled the een- 
tigrade seale (think of 100 eents in a dollar). 


CHECKPOINTS 



□ 18-11 What part of the brain is responsible for regulating 

body temperature? 


□ 18-12 What ehange occurs in cutaneous blood vessels under 

eold eonditions? Llnder hot eonditions? 


C7\SEP0MT 



18-8 Why do you think Claudia was more sensitive to eold 
than her friends? 


A & P in Aetion Revisited 


eiaiidia's 7\norexia Nervosa 

Claudia approaehed Dr. Wade at the end of the next 
elass, waiting until all of the other students had Left. 

"Do you have a minute to taLk?" she asked. "I was 
hoping to speak with you today." 

Dr. Wade repLied, "Let's waLk down toward the river 
where we ean have some privaey. What's been happen- 
ing with you?" 

CLaudia started to taLk. "My friend Josie took me 
to the student heaLth eenter Last night. They think I 
have anorexia nervosa! At first I didn't beLieve it, but 
they did some tests, and my resuLts were simiLar to 
that ease study we did in dass about starving kids in 
war zones. My BMI is 17, and there were some ketones 
in my urine. They did a heart test, and my ECG showed 
an arrhythmia. I don't know how this happened; I'm 


enjoying eoLLege Life and I thought I was deaLing with 
the stress, but I'm reaLLy in troubLe. The psyehoLogist 
wants me to keep a food diary, try to eat 2,000 eaLories 
a day, and Limit my daiLy exercise to an hour. I have 
to meet with her every day, and if I ean't turn things 
around in the next few weeks they might refer me to 
an inpatient treatment eenter. I don't know if I ean 
do it!" 

Dr. Wade took a moment to think, and said eare- 
fuLLy, "CLaudia, I'm so reLieved that you are deaLing 
with your iLLness. You have a support network of heaLth 
professionaLs and friends, and I'm very hopefuLforyou. 
PLease eheek in with me every week or so to Let me 
know how you are doing, and Let me know if you need 
to get some assignments or tests rescheduLed." 
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CHAPTER 


Chapter Wrap-Up 



Smnmary Overv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



-Glucose 
- Fatty aeids 
L Amino aeids 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


anabolism 
basal metabolism 
eatabolism 
cellular respiration 


fever 

glucose 

glyeogen 

glyeolysis 


hypothalamus 
kiloealorie 
metabolie rate 
mineral 


oxidation 

vitamin 


Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Metabolism 

glye/o 

sugar, sweet 

Glyeogen yields glucose molecules when it breaks down. 

-lysis 

separating, dissolving 

Glyeolysis is the breakdown of glucose for energy. 

Body Temperatnre 

therm/o 

heat 

A thermometer is used to measure temperature 


Quest ons for Study and Review 

BIIILDING (JNDERSTANDING 

Fill in the Blanks 

1. The amount of energy needed to maintain life functions 

while at rest is_. 

2. Reserves of glucose are stored in liver and muscle as 

____ • 

3. The area of the brain most important for temperature 

regulation is the_. 


4. A mineral needed in extremely small amounts in the 

diet is termed a(n)_. 

5. The removal of nitrogen groups from amino aeids in 
metabolism is ealled 
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Matehing > Mateh eaeh numbered item with the most elosely related lettered item: 


6 . Maj or energy source for the body 

7. Chemical element required for normal body function 

8 . Complex organie substance required for normal body 
function 

9. A byproduct of fatty aeid metabolism 

10. A simple fat 


Mnltiple Choice 

_ 11. Which of the following is NOT an example of 

eatabolism? 

a. glyeolysis 

b. deamination 

C. cellular respiration 
d. glyeogen formation 

_ 12. Which of the following would have the lowest glyeemie 

effeet? 

a. glucose 

b. sucrose 
C. laetose 
d. stareh 


a. triglyeeride 

b. vitamin 
C. mineral 

d. ketone bodies 

e. glucose 


13. Which organ eatabolizes aleohol? 

a. small intestine 

b. liver 

C. panereas 
d. spleen 

14. A substance that proteets against reaetive oxygen 
speeies (free radieals) is a(n) 

a. antioxidant 

b. glyeogen 
C. fatty aeid 
d. pymvie aeid 


(JNDERSTANDING CONCEPTS 


15. In what part of the eell does anaerobie respiration 
occur, and what are its end products? In what part of 
the eell does aerobie respiration occur? What are its end 
products? 

16. About how many kiloealories are released from a 
tablespoon of butter (14 g)? A tablespoon of sugar 
(12 g)? A tablespoon of egg white (15 g)? 

17. If you eat 2,000 keal a day, how many kiloealories 
should eome from earbohydrates? From fats? From 
protein? 

18. How is heat produced in the body? What structures 
produce the most heat during inereased aetivity? 


19. During a severe eold, Emily’s body temperature inereased 
from 36.4°C to 37.1°C and then deereased to 36.4°C 

again. Deseribe the feedbaek meehanism regulating 
Emily’s body temperature. 

20. Differentiate between the terms in the following pairs: 

a. aerobie and anaerobie 

b. essential and nonessential amino aeids 
C. saturated and unsaturated fats 

d. simple and complex earbohydrates 

e. radiation and conduction 
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CONCEPTUAL THINKING 


21. The oxidation of glucose to form ATP is often eompared 
to the burning of fuel. Why is this analogy inaccurate? 

22. Riehard M, a self-deseribed couch potato, is 6 ft tall and 
weighs 240 lb. Calculate Riehard’s body mass index. 

Is Riehard overweight or obese? List some diseases 
assoeiated with obesity. 


23. Referring to Claudia’s opening ease study, explain how 
her body is eompensating metabolieally for her anorexia 
nervosa and what effeets her disorder might have. 

24. Jennifer’s 85-year-old grandmother is a widow and lives 
alone. Should Jennifer be eoneerned about her nutritional 
well-being? What ean she do to promote a healthful diet 
for her? 


For more questions, see the Learning Aetivities on 

thePoinf. 



CHAPTER 


The (Jrinary System and Body Fliiids 



Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Compare intraceLLuLar and extraceLLuLar 

fLuids. p. 388 

2 ► List four types of extraceLLuLar fLuids. p. 388 

3 ► Defi ne eteetrotytes, and deseribe some of 

their functions. p. 389 

4 ► Deseribe the organs of the urinary system, 

and give the functions of eaeh. p. 390 

5 ► List four systems that eLiminate waste, and 

name the substances eaeh eLiminates. p. 390 

6 ► List four aetivities of the kidneys in 

maintaining homeostasis. p. 391 

7 ► Deseribe the Loeation and internaL 

organization of the kidneys. p. 391 

8 ► Deseribe a nephron. p. 392 

9 ► Traee the path of a drop of bLood as it 

fLows through the kidney. p. 392 

!()► Name the four proeesses invoLved in urine 

formation, and deseribe what happens 
during eaeh. p. 392 

11 ► ExpLain the roLes of juxtameduLLary 

nephrons and antidiuretic hormone (ADH) 
in urine formation. p. 395 

12 ► Deseribe the eomponents and functions of 

the juxtagLomeruLar (JG) apparatus. p. 397 

13 ► Deseribe the proeess of micturition. p. 399 

14 ► List normaL constituents of urine. p. 399 

15 ► List the avenues for the daiLy gain and Loss 

of water. p. 400 

16 ► ExpLain how thirst is reguLated. p. 400 

17 ► Deseribe the roLe of hormones in eLeetroLyte 

baLanee. p. 402 

18 ► Deseribe three methods for reguLating the 

pH of body fLuids. p. 402 

19 ► Referring to the opening ease study, expLain 

the dangers of overhydrating. pp. 387, 404 

20 ► Show how word parts are used to buiLd 

words reLated to the urinary system and 
body fLuids (see Word Anatomy at the 
end of the ehapter). p. 406 





A & P ìn Aetion Ethan’s Triathlon Emergeney 




LeiLani yawned as she waited near 

the finish Line of the Ironman 
TriathLon in Kona, Hawai'i. 

had voLimteered as a 
finish Line attendant, which 
meant that she and her part- 


y/ caught" the athLetes as 
erossed the finish Line 
and eseorted them to get 
their medaLs, find their 
famiLies, or, inereasingLy, 
to get a bed in the medi- 
eaL tent. The raee was 
over in three minutes, and there were stiLL two athLetes out 
on the course. They had aLready swum 2.4 miLes in ehoppy 
surf, biked over 180 miLes through Lava fieLds, and had nearLy 
finished the 26.2-miLe run portion of the punishing event. 
Despite aLL of their efforts, they had to eompLete their run 
before midnight in orderto quaLify as Ironman finishers. The 
crowd noise inereased as a taLL man stumbLed over to the 
finish Line, to the annonneeris ery, yy Ethan Landry, you are an 
Ironman!" LeiLani and her partner raeed over to eateh him. 

yy We better getthis one straight to the medieaLtent," her 
partner gasped as they tried to keep the man from sinking 
to the pavement. They were met by Darren, a LoeaL physieian 
assistant, who heLped them Lay the man down on a streteher. 


yy What's your name? Do you know where you are?" 
Darren asked the man as he strapped on a bLood pressure 
monitor. 

yy Um, Ethan? I'm in Hawai'i? I'm reaLLy tired and I 
don't feeL so good," the athLete repLied. Darren pinehed 
Ethan's arm and noted that the pinehed skin returned 
immediateLy to its originaL state. His faee seemed swoL- 
Len, and his wedding ring was sunk deep into his engorged 
fingers. 

yy ShouLd I get him some water?" LeiLani asked. 

yy I don't think so," Darren answered, as he tiLted 
Ethan's bed backward. yy His bLood pressure is Low, which 
is why I'm Lowering his head beLow his body, but he has 
some evidenee of tissue sweLLing—edema. I think that 
Ethan is actuaLLy overhydrated and suffering from exercise- 
assoeiated hyponatremia, or EAH. This eondition used to 
be eaLLed water intoxication, and it happens sometimes in 
endurance events. BasieaLLy, consuming too much water 
ean diLute your bLood and other body fLuids and Lead to 
sweLLing. Look at his faee and fingers; it's as if they are 
waterLogged. Let's get him to the hospitaL for some tests." 

In Chapter 3, we discussed the effeet of osmotie pressure 
on eeLLs. We continue in this ehapter with a more detaiLed 
study of body fLuids and the need to keep the totaL voLume 
and eomposition of these fLuids within normaL Limits. Later, 
we'LL find out if Darren's suspicions were eorreet. 


As you study this ehapter, CasePoints I 1 wiLL give you opportunities to appLy your Learning to this ease. 

ANCILLARIES At-A-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Chart: Kidney Regulation of 
Blood Pressure 

► Animation: Renal Function 


► Health Professions: Emergeney 
Medieal Teehnieian 

► Detailed ehapter Outline 

► Answers to Questions for Study 
and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 

Tbe importanee of body fluid volume and eomposition bas 
been stressed tbrougbout previous ebapters, beginning ivitb 
tbe discussion oftbe ebemistry ofwater in Gbapter 2. In many 
otber ebapters, we disenssed water’s importanee in transport, 
blood pressme, and digestion. Tbis ebapter disensses tbe elee- 
trolytes important to all of metabolism and tbeir relative dis- 
tribntion in intraeellnlar and extracellular fluids. Tbe kidneys 
play a major part in regnlating total fluid volume, but tbey 
also belp balanee tbe eleetrolyte eontent and aeid-base prop- 
erties of body fluids as tbey form and eliminate mine. 

Body Fliiids 

Despite the body’s apparent solidity, fluids make up over half 
of its mass. Composed primarily of water, body flmds also 
eontain eleetrolytes (salts), mitrients, gases, waste, and speeial 
substances, such as enzymes and hormones. This ehapter 
begins with a discussion of the loeation and eomposition of 
body flmds and then discusses some important aspeets of 
body fluid regulation. 


FLLIID COMPARTMENTS 

Although body fluids have much in eommon no matter where 
they are loeated, there are some important differenees between 
fluid inside and outside eells. Aeeordingly, fluids are grouped 
into two main eompartments (Fig. 19-1): 

■ Intracellular fluid (ICF) is eontained within the eells, pri- 
marily in eytosol. About two-thirds to three-fourths of 
all body fluids are in this eategory. 

■ Extracellular fluid (ECF) includes all body fluids outside 
of eells. In this group are the following: 

■ Interstitial (in-ter-STISH-al) fluid, or more sim- 
ply, tissue fluid. This fluid is loeated in the spaees 
between the eells in tissues throughout the body. It 
is estimated that tissue fluid constitutes about 15% 
of body weight. 

■ Blood plasma, which constitutes about 4% of body 
weight. 

■ Lymph, the fluid that drains from the tissues into 
the lymphatie system. This is about 1% of body 
weight. 



r 


Extracellular fluid 

_A_ 




7 





7 


Intestine 




Blood plasma 
and lymph 

5% of 
Vjoody weight 


Interstitial 

fluid 


lntracellular 

fluid 


(fluid inside 
the eells) 



Skin 




(fluid between 
the eells) 

15% of 
body weight J 



Kidneys 


Lungs 



40% of 
body weight J 




> 


60% of 
body weight 




Figure 19-1 


Main f1uid eompartments showing relative pereentage by weight of 


body fluid. f u KEY POINT Fluid pereentages vary but total about 60% of body weight. 
Fluids are eonstantly exchanged among eompartments, and eaeh day fluids are lost and 
replaeed. ( ^ ZOOMING IN What are some avenues through which water is lost? 
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■ Fluid in speeial eompartments, such as eerebrospi- 
nal fluid, the aqueous and vitreous humors of the 
eye, serous fluid, and synovial fluid. Together, these 
make up about 1% to 3% of total body fluids. 

Fluids are not loeked into one eompartment. There is a eon- 
stant interehange between eompartments as fluids move 
between blood and interstitial fluid and between interstitial 
fluid and intracellular fluid (see Fig. 19-1). ff Remember tbat 
interstitial fluid is betiveen (inter-) eells, and intracellular fluid 
is witbin (intra-) eells. 

WATER AND ITS FUNCTIONS 

Water is important to living eells as a solvent, a transport 
medium, and a partieipant in metabolie reaetions. The 
foree of water in the vessels helps maintain blood pressure, 
which is important for maintaining blood flow and eapil- 
lary exchange. The normal proportion of body water varies 
from 50% to 70% of a person’s weight. It is highest in the 
young and in thin, muscular individuals. As the amount of 
fat inereases, the pereentage of water in the body deereases, 
because adipose tissue holds little water eompared with 
muscle tissue. In infants, water makes up 75% of the total 
body mass. That’s why infants are in greater danger from 
dehydration than are adults. 

ELECTR0LYTES AND THEIR FUNCTI0NS 

Eleetrolytes are important constituents of body fluids. 
These compounds separate into positively and negatively 
eharged ions in solution. Positively eharged ions are 
ealled eations; negatively eharged ions are ealled anions. 
Eleetrolytes are so named because they conduct an eleetrie 
current in solution. 


Major lons A few of the most important eations and 
anions are reviewed next. Figure 19-2 shows the distribution 
of eommon eleetrolytes in the different fluid eompartments. 

■ Cations (positive ions): 

■ Sodiiim is ehiefly responsible for maintaining 
osmotie balanee and body flmd volume. It is the 
main positive ion in extracellular fluids. Sodium is 
required for nerve impulse conduction and is impor- 
tant in maintaining aeid-base balanee. 

■ Potassium is also important in the transmission of 
nerve impulses and is the major positive ion in ICF. 
Potassium is involved in enzymatie aetivities, and it 
helps regulate the ehemieal reaetions by which ear- 
bohydrate is eonverted to energy and amino aeids 
are eonverted to protein. 

■ Calcium is required for bone formation, muscle 
eontraetion, nerve impulse transmission, and 
blood elotting. 

■ Magnesium is neeessary for muscle eontraetion and 
for the aetion of some enzymes. 

■ Anions (negative ions): 

■ Biearbonate is an important buffer in body fluids. 

■ ehloride is essential for the formation of hydro- 
ehlorie aeid in the stomaeh. It also helps regulate 
fluid balanee and pH. It is the most abundant anion 
in extracellular fluids. 

■ Phosphate is essential in earbohydrate metabolism, 
bone formation, and aeid-base balanee. Phosphates 
are found in plasma membranes, mieleie aeids 
(DNA and RNA), and ATP. 


160 



Sodium Potassium Calcium Magnesium Biearbonate Chloride Phosphate 

Cations Anions 


Figure 19-2 


Distribution of some major ions in intracellular and extracellular f1uids. J KEY POINT 


lon distribution varies in the different fluid eompartments. Plasma and interstitial fluid are extracellular fluids 
lons are measured in milliequivalents (mEq),a unit based on atomie weight and valenee. (j ZOOMING IN 
What ions are the most eoneentrated in extracellular fluids? In intracellular fluids? 
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BODY FLLIIDS AND BLOOD PRESSURE 

Sinee sodium is the major extracellular ion, the overall body 
eontent of sodium is a major determinant of body water eon- 
tent. Think of the bloated feeling that follows the consump- 
tion of a big bag of salty popeorn and a jumbo soft drink. 
Water from the drink follows the sodium from the popeorn as 
it passes through intestinal eells into blood, expanding blood 
volume. Some of this extra sodium and water passes into the 
interstitial fluid, swelling tissues and producing “bloat”. The 
rest of the excess fluid remains in blood and could theoretieally 
elevate arterial blood volume and thus blood pressure. Later in 
this ehapter we discuss meehanisms that prevent large ehanges 
in blood pressure when we eat salty foods. 


CHECKPOINTS 



□ 19-1 VVhere are intraeelliilar fliiids loeated? Extracellular 

fluids? 

19-2 VVhat is interstitial fìuid? 

19-3 VVhat are eations and anions? 


C7\SEP0INTS 



19-1 Ethan's ease involves dilution of sodium in body fluids. 
VVhieh fluid eompartments eontain the most sodium 
ions? 


19-2 VVhat will happen to the osmotie pressure of Ethan's 
body fluids as the sodium eoneentration deelines? 


Systems Involved in Excretion 

The urinary system is also ealled the excretory system because 
one of its main functions is excretion, removal and elimination 
of unwanted substances from the blood. The urinary system 


also regulates the volume, aeid-base balanee (pH), and eleetro- 
lyte eomposition of body fluids. 

The main parts of the urinary system, shown in 
Figiire 19-3, are as follows: 

■ Two kidneys. These organs extract wastes from the 
blood, balanee body fluids, and form urine. 

■ Two ureters (U-re-ters). These tubes conduct urine from 
the kidneys to the urinary bladder. 

■ A single urinary bladder. This reservoir reeeives and 
stores the urine brought to it by the two ureters. 

■ A single urethra (u-RE-thrah). This tube conducts 
urine from the bladder to the outside of the body for 
elimination. 

Although the focus of this ehapter is the urinary system, some 
other systems are mentioned here as well, because they also 
function in excretion. These systems and some of the sub- 
stanees they eliminate are the following: 

■ The digestive system eliminates water, some salts, and 
bile, in addition to digestive residue, all of which are eon- 
tained in the feees. The liver is important in eliminating 
the products of red blood eell destruction and in break- 
ing down eertain drugs and toxins. 

■ The respiratory system eliminates earbon dioxide and 
small amounts of water. The latter appears as vapor, as 
ean be demonstrated by breathing on a windowpane or 
a mirror, where the water eondenses. 

■ The skin, or integumentary system , excretes water, salts, 
and very small quantities of nitrogenous wastes. These all 
appear in perspiration, although water also evaporates eon- 
tinuously from the skin without our being conscious of it. 


Inferior vena eava 

Aorta 
Renal artery 

Renal vein 



Diaphragm 

Adrenal gland 
Kidney 
12th rib 

Third lumbar vertebra 
llreter 

Llrinary bladder 

Llrethra 


Figure 19-3 


Urinary system.The urinary system eonsists ofthe kidneys, ureters, urinary bladder,and urethra. 


J _ ZOOMING IN Identify the structures that earry urine to and from the bladder. 
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CHECKPOINTS 



□ 19-4 VVhat are the organs of the urinary system? 

19-5 VVhat are three systems other than the urinary system 
that eliminate waste? 


ensEPOim 



19-3 VVhat body system would eompensate most effeetively 
for Ethan's excess water consumption? 


The Kidneys 

The kidneys interaet with other systems, primarily the eardio- 
vascular system, as prime regulators of homeostasis. After a 
brief overview of the kidney’s many aetivities, we will deseribe 
its structure and speeifie roles in urine formation and regula- 
tion of blood pressure. 

KIDNEY ACTIVITIES 

The kidneys are involved in the following proeesses: 

■ Excretion of unwanted substances, such as cellular met- 
abolie waste and toxins. One product of amino aeid 
metabolism is nitrogen-eontaining waste material, ehiefly 
urea (u-RE-ah). After synthesis in the liver, urea is trans- 
ported in the blood to the kidneys for elimination. The 


kidneys have a speeialized meehanism for the elimination 
of urea and other nitrogenous (ni-TROJ-en-us) wastes. 

■ Homeostasis of body flmds, as discussed later in this ehap- 
ter. The kidneys eontrol the sodium and water eontent of 
body fluids by altering the eomposition and volume of 
urine. They also eontrol blood pH by excreting variable 
amounts of aeids and bases and by synthesizing buffers. 

■ Blood pressure regulation. As discussed earlier, the kidneys 
eontrol blood pressure by regulating fluid balanee. They 
also aet more direetly via their partieipation in the renin- 
angiotensin system, as discussed later in this ehapter. 

■ Hormone production. The kidneys produce erythropoi- 
etin (EPO), which stimulates red eell production in the 
bone marrow (see Ohapter 12). They also aetivate vitamin 
D, which is neeessary for bone health (see Ohapter 11). 

KIDNEY STRUCTURE 

The kidneys lie against the baek muscles in the upper abdomen 
at about the level of the last thoraeie and first three lumbar 
vertebrae. The right kidney is slightly lower than the left to 
aeeommodate the liver (see Fig. 19-3). Eaeh kidney is firmly 
enelosed in a membranous renal capsule made of fibrous eon- 
neetive tissue (Fig. 19-4). In addition, there is a proteetive layer 
of fat ealled the adipose eapsnle around the organ that is not 
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Figure 19-4 


Kidney structure and the renal blood supply. A longitudinal seetion 


through the kidney shows its internal structure. KEY POINT Llrine made in the nephrons 
drains into the renal pelvis and then the ureter.The renal artery branehes to all regions of the 
kidney. Venous drainage eombines to flow into the renal vein. * J ZOOMING IN VVhat is the 
outer region of the kidney ealled? VVhat is the inner region of the kidney ealled? 
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illustrated. An outermost layer of faseia (eonneetive tissue) 
anehors the kidney to the peritoneum and abdominal wall. 
The kidneys, as well as the ureters, lie posterior to the peri- 
toneum (see Chapter 17). Thus, they are not in the peritoneal 
eavity but rather in an area known as the retroperitoneal (ret- 
ro-per-ih-to-NE-al) spaee. 

Blood is brought to the kidney by a short braneh of the 
abdominal aorta ealled the renal artery. Blood leaves the kid- 
ney via the renal vein, which earries blood into the inferior 
vena eava for return to the heart. See Figure A3-11A in the 
Disseetion Atlas for a photograph showing the kidneys and 
renal vessels in plaee. 

Organization The kidney is a somewhat flattened organ 
approximately 10 em (4 in) long, 5 em (2 in) wide, and 
2.5 em (1 in) thiek (see Fig. 19-4). On the medial border, 
there is a noteh ealled the hilum, where the renal artery, 
the renal vein, and the ureter eonneet with the kidney. The 
lateral border is convex (curved outward), giving the entire 
organ a bean-shaped appearanee. 

The kidney is divided into two regions: the renal eor- 
tex and the renal medulla (see Fig. 19-4 and Atlas Figiire 
A3-11B). The renal cortex is the kidney’s outer portion. 
The internal renal medulla eontains tubes in which urine is 
formed and eolleeted. These tubes form a mimber of eone- 
shaped structures ealled renal pyramids. The tips of the pyr- 
amids point toward the renal pelvis, a funnel-shaped basin 
that forms the upper end of the ureter. Cuplike extensions 
of the renal pelvis surround the tips of the pyramids and eol- 
leet urine; these extensions are ealled ealyees (KA-lih-seze; 
singular, calyx, KA-liks). The urine that eolleets in the pelvis 
then passes down the ureters to the bladder. 

The Nephron and its Blood Supply As is the ease 

with most organs, the kidney’s most faseinating aspeet is 
too small to be seen with the naked eye. This basie unit, 
which actually ereates urine, is the nephron (NEF-ron) 
(Fig. 19-5A). Eaeh nephron begins with a hollow, cup- 
shaped bulb known as the glomemlar (glo-MER-u-lar) 
capsule or Boivman eapsnle. This structure gets its name 
from the cluster of eapillaries it surrounds, which is ealled 
the glomerulus (a word that eomes from the Latin meaning 
“ball of yarn”). This eombined unit of the glomerulus with 
its glomemlar capsule is the nephron’s filtering deviee. 
The remainder of the nephron is essentially a tiny eoiled 
tube, the renal tubule, which eonsists of several parts. The 
portion leading from the glomemlar capsule is ealled the 
proximal tubule. The renal tubule then untwists to form a 
hairpin-shaped segment ealled the nephron loop, or loop 
of Henle. The first part of the loop, which earries fluid 
toward the medulla, is the deseending limb. The part that 
continues from the loop’s turn and earries fluid away from 
the medulla is the aseending limb. Continuing from the 
aseending limb, the tubule folds into the distal tubule, so 
ealled because it is farther along the tubule from the glo- 
merular capsule than is the proximal tubule. Many renal 
tubules empty into eaeh eolleeting duct, which then eon- 
tinues through the medulla toward the renal pelvis. 


In most eases, the glomerulus, glomemlar capsule, and 
the proximal and distal tubules of the nephron are within the 
renal cortex. The nephron loop and eolleeting duct extend 
into the medulla (see Fig. 19-5, top left). 

A small blood vessel, the afferent arteriole, supplies 
the glomerulus with blood; another small vessel, ealled 
the efferent arteriole, earries blood from the glomerulus 
(Fig. 19-5B). When blood leaves the glomerulus, it does not 
head immediately baek toward the heart. Instead, it flows 
into a eapillary network that surrounds the renal tubule. 
These peritubular eapillaries are named for their loeation. 

Eaeh kidney eontains about 1 million nephrons; if 
all these eoiled tubes were separated, straightened out, 
and laid end to end, they would span some 120 km 
(75 miles)! Figure 19-6 is a mieroseopie view of kidney 
tissue showing several glomemli, eaeh surrounded by a glo- 
memlar capsule. This figure also shows seetions through 
renal tubules. 



19-6 VVhere is the retroperitoneal spaee? 

□ 19-7 VVhat vessel supplies blood to the kidney, and what 

vessel drains blood from the kidney? 

19-8 VVhat is the name of the funnel-shaped eolleeting area 

that forms the upper end of the ureter? 

□ 19-9 VVhat is the functional unit of the kidney ealled? 

□ 19-10 VVhat name is given to the eoil of eapillaries in the 

glomerular capsule? 

F0RMATI0N 0F LIRINE 

The following explanation of urine formation deseribes a 
complex proeess, involving many baek-and-forth exchanges 
between the bloodstream and the kidney tubules. As fluid 
filtered from the blood travels slowly through the nephron’s 
twists and turns, there is ample time for exchanges to take 
plaee. These proeesses together allow the kidney to “fine-tune” 
body fluids as they adjust the urine’s eomposition. 


See the Student Resources on thePoint® for the ani- 
mation “Renal Function,” which shows the proeess 
of urine formation in aetion. 


Glomemlar Filtration ehapter 14 explained how 

blood fluids eross the eapillary wall and enter the intersti- 
tial fluid (IF) by the proeess of filtration. The same proeess 
occurs in the nephron, but the fluid enters the glomemlar 
capsule instead of the IF. In the nephron, fhiid must pass 
through the walls of both the eapillary and the glomemlar 
capsule. Gaps between the eells making up these walls per- 
mit the passage of water and dissolved materials; however, 
the eapillary walls retain blood eells and large proteins, 
and these eomponents remain in the blood (Fig. 19-7). 

Because the diameter of the afferent arteriole is slightly 
larger than that of the efferent arteriole (see Fig. 19-7), 
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Figure 19-5 


A nephron and its blood supply. (j KEY POINTThe nephron regulates the proportions 


of urinary water, waste, and other materials aeeording to the body's eonstantly ehanging needs. Materials 
that enter the nephron ean be returned to the blood through the surrounding eapillaries. A. A nephron with 
its blood vessels removed. B. A nephron and its assoeiated blood vessels. ' ^ ZOOMING INThe nephron is 
assoeiated with two eapillary beds.Which eapillary bed reeeives blood fìrst? 
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Mieroseopie view of the kidney.KEY POINTThe glomemli 
and glomerular capsules are visible along with eross-seetions of the renal tubules. 


Figure 19-6 
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blood ean enter the glomerulus more easily than 
it ean leave. Thus, blood pressure in the glom- 
erulus is about three to four times higher than 
that in other eapillaries. To understand this 
effeet, think of plaeing your thumb over the end 
of a garden hose as water eomes through. As 
you make the diameter of the opening smaller, 
water is foreed out under higher pressure. As a 
result of inereased fluid (hydrostatie) pressure in 
Glomerular capsule the glomerulus, materials are eonstantly being 

pushed out of the blood and into the nephron’s 
glomemlar capsule. This movement of materi- 
als under pressure from the blood into the eap- 
sule is therefore known as glomemlar fìltration. 
Note that only a small proportion of the blood’s 
volume passes into the glomemlar capsule. The 
rest continues out the efferent arteriole into the 
peritubular eapillaries. 

The fluid that enters the glomerular capsule, ealled the 
glomemlar filtrate, begins its journey along the renal tubule. 
In addition to water and the normal soluble substances in the 
blood, other substances, such as vitamins and dmgs, also may 
be filtered and beeome part of the glomemlar filtrate. As noted, 
blood eells and proteins are not usually found in the filtrate. 


Glomemlar 

capsule 


Tllblllar Reabsorption The kidneys form about 160 to 
180 L of filtrate eaeh day. However, only 1 to 1.5 L of urine 
is eliminated daily. Clearly, most of the water that enters the 
nephron is not excreted with the urine but rather is returned 
to the circulation. In addition to water, many other sub- 
stanees the body needs, such as mitrients and ions, pass into 
the nephron as part of the filtrate, and these also must be 
returned. Therefore, the proeess of filtration that occurs in 
the glomemlar capsule is followed by a proeess of tubular 
reabsorption. As the filtrate travels through the renal tubule, 
water and other needed substances pass through tubular 
eells and enter the interstitial fluid (IF). They move by sev- 
eral proeesses previously deseribed in Chapter 3, including: 


Filtrate 


Proximal 

tubule 



Soluble molecules 


♦ Proteins 



Blood eells 


Figure 19-7 


Glomerular fìltration: the fìrst step in urine 


Diffusion. The movement of substances from an area of 
higher eoneentration to an area of lower eoneentration 
(following the eoneentration gradient). 

Osmosis. Diffusion of water through a semipermeable 
membrane, from an area of low solute eoneentration to 
an area of higher solute eoneentration. 

Aetive transport. Movement of materials through the 
plasma membrane against the eoneentration gradient 
using energy and transporters. 

Several hormones, including aldosterone and atrial natriuretic 


formation. v KEY POINT Blood pressure insidethe glomerulus peptide (ANP), affeet tubular reabsorption in the distal por- 


forees water and dissolved substances into the glomerular capsule. 
Blood eells and proteins remain behind in the blood.The smaller 
diameter of the efferent arteriole as eompared with that of the 
afferent arteriole maintains high hydrostatie (fluid) pressure. In this 
simple illustration,only one eapillary is cut away, but fìltration occurs 
through all the vessels,and the glomemlar eapillaries are actually in 
a cluster, as shown in other fìgures. 


tions of the tubule (Table 19-1). 

Reabsorbed substances move from the nephron 
to the IF and then enter the peritubular eapillaries and 
return to the circulation. Substances that are filtered but 
not reabsorbed remain in the filtrate and are excreted in 
the urine. For example, about 50% of the urea and uric 
aeid (products of amino aeid and nucleic aeid breakdown, 
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Hormonal Regulation of FLrìd Homeostasis 




Substance 


Source 


Aetion 


Aldosterone (al-DOS-ter-one) 


Atrial natriuretic peptide 
(na-tre-u-RET-ik) (ANP) 

Antidiuretic hormone 
(an-te-di-u-RET-ik) (ADH) 


Hormone released from the adrenal cortex 
when blood pressure falls or blood potassium 
levels are too high 

Atrial myoeardial eells; released when blood 
pressure is too high 

Made in the hypothalamus and released from 
the posterior pituitary; released when blood 
beeomes too eoneentrated or blood pressure 
falls 


Promotes reabsorption of sodium and 
water in the kidney to eonserve water 
and inerease blood pressure 

Causes kidney to excrete sodium and 
water to deerease blood volume and 
blood pressure 

Promotes water reabsorption from the 
distal tubule and eolleeting duct to 
eoneentrate the urine and eonserve 
water 


Renin (RE-nin) 

Angiotensin II 

(an-je-o-TEN-sin) 


Enzyme produced by renal eells when blood Aetivates angiotensin in the blood 
pressure falls 

Protein in the blood that is aetivated by renin Causes eonstrietion of blood vessels to raise 

blood pressure; inereases fluid volume by 
stinmlating thirst and promoting release 
of aldosterone and ADH 


respeetively) and all of the ereatinine (a product of muscle 
eell breakdown) are kept within the tubule to be eliminated. 
Box 19-1 presents additional information on tubular reab- 
sorption in the nephron. 

m Remember tbat reabsorption speeifieally refers to tbe 
movement of snbstanees betiveen tbe tubule and tbe blood. 
So, floiv oeenrs from tbe proximal tubule to tbe nepbron 
loop, but reabsorption oeenrs from tbe proximal tubule to 
tbe peritubular eapillaries. 

ubular Seeretion The proeess of tubular seeretion 
aetively transports speeifie substances from the peritubu- 
lar eapillary into the nephron tubule. These substances 
were not filtered or were reabsorbed in a more proximal 
portion of the tubule. Potassium ions are moved into the 
urine in this manner. Importantly, the kidneys regulate 
the aeid-base (pH) balanee of body fluids by the aetive 
seeretion of hydrogen ions. Some drugs, such as penieil- 
lin, also are aetively seereted into the nephron tubule for 
elimination. 


Concentration of the Urine The proximal tubule 

reabsorbs about 65% of filtered water by osmosis, as 
water follows reabsorbed solutes. The net result is a tubu- 
lar fluid with the same osmolarity (solute eoneentration) 
as the IF and blood. However, the mammalian kidney 
has the remarkable ability to produce urine that is more 
eoneentrated than other body fluids. This ability relies 
on the aetions of speeialized juxtamedullary nephrons 
with exceptionally long nephron loops dipping deep into 
the renal medulla (the name means “near the medulla”) 
(Fig. 19-8A). These long loops establish the medullary 
osmotie gradient, which is a differenee in solute eoneen- 
tration (and thus osmotie pressure) in different regions of 
the medulla. The IF in deeper medullary regions has more 
solutes and thus greater osmotie pressure than does the IF 
in regions eloser to the cortex. 

The eolleeting duct of all nephrons ean use the medullary 
gradient to produce eoneentrated urine. As the dilute filtrate 
passes through the eolleeting duct toward the renal pelvis, it 
encounters progressively more eoneentrated IF. Water moves 



CLINIC 
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PERSPECTIVES 


Box 19-1 


Transport Maximum 


The kidneys work effìeiently to return valuable substances to the 
blood after glomemlar fìltration. However, the earriers that are 
needed for aetive transport of these substances ean beeome over- 
loaded.Thus,there is a limit to the amount of eaeh substance that 
ean be reabsorbed in a given time period.The limit of this reab- 
sorption rate is ealled the transport maximum (Tm), or tubular 
maximum,and it is measured in milligrams (mg) per minute. For 
example,theTm for glucose is approximately 375 mg/min. 

If a substance is present in excess in the blood, it may 
exceed its transport maximum and then, because it eannot 


be totally reabsorbed, some will be excreted in the urine. 
Thus, the transport maximum determines the renal thresh- 
old —the plasma eoneentration at which a substance will 
begin to be excreted in the urine, which is measured in mg 
per deeiliter (dL). For example, if the eoneentration of glucose 
in the blood exceeds its renal threshold (180 mg/dL),glucose 
will begin to appear in the urine, a eondition ealled glyeos- 
uria.The most eommon cause of glycosuria is uncontrolled 
diabetes mellitus. 
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Figure 19-8 


Urine eoneentration. J w KEY POINTThe renal tubule establishes the medullary gradient, 
as measured in milliosmoles (mOsm).The eolleeting duct, underthe influence of antidiuretic hormone (ADH), 
eoneentrates urine. A.The nephron loop establishes an osmotie gradient in the renal medulla. B. If ADH is present, 
water leaves the eolleeting duct by osmosis, resulting in eoneentrated urine.C. If ADH is absent, water eannot leave the 
eolleeting duct and the urine remains dilute. (j ZOOMING IN Where is the osmotie gradient stronger—by the distal 
tubule or by the renal pelvis? 


by osmosis from the dilute filtrate into the more eoneentrated 
IF, and then into the blood (Fig. 19-8R). In this manner, the 
urine beeomes more eoneentrated as it leaves the nephron 
and its volume is reduced. 

Water reabsorption from the eolleeting duct is eontrolled 
by antidiuretic hormone (ADH), a hormone released from the 
posterior pituitary gland (see Table 19-' ). Reeallfrom Chapter 
3 that water erosses plasma membranes through ehannels 
ealled aquaporins. ADH makes the walls of the eolleeting 
duct more permeable to water by stimulating the insertion of 
aquaporins. As a result, more water will be reabsorbed and 
less water will be excreted with the urine (see Fig. 19-8B). In 
the absenee of ADH, eolleeting duct plasma membranes eon- 
tain very few aquaporins, so very little water moves down 
the osmotie gradient from tubular fluid into medullary IF 
(Fig. 19-8C). 

The release of ADH from the posterior pituitary is regu- 
lated by a feedbaek system. As the blood beeomes more eon- 
eentrated, the hypothalamus triggers more ADH release from 


the posterior pituitary; as the blood beeomes more dilute, less 
ADH is released. In the disease diabetes insipidus, there is 
inadequate seeretion of ADH from the hypothalamus. The 
eolleeting duct is not very permeable to water in the absenee 
of ADH, so large amounts of dilute urine are produced. 

Summary of Llrine Formation The proeesses 

involved in urine formation are summarized below and 
illustrated in Figure 19-9. 

1. Glomemlar filtration moves water and solutes from the 
blood into the nephron tubule. 

2. Tubular reabsorption moves water and other useful sub- 
stanees baek into the blood. 

3. Tubular seeretion moves unfiltered or reabsorbed sub- 
stanees from the blood into the nephron for elimination. 

4. In the presenee of ADH, the eolleeting duct eoneentrates 
the urine and reduces the volume excreted. 
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Figure 19-9 


Summary of urine formation in a nephron. (j KEY POINT Four proeesses involved in urine 


formation are shown. 1 w ZOOMING IN What vessels absorb materials that leave the nephron? 


The urine is not further modified onee it enters the renal 
pelvis. Therefore, urine eontains substances that were seereted 
as well as substances that were filtered but not reabsorbed. 

THE JUXTAGLOMERULAR APPARATUS 

The juxtaglomerular (JG) apparatus is a speeialized region of 
the kidney involved in blood pressure regulation. As seen in 
Figure 19-10, the first portion of the distal tubule curves baek- 
ward toward the glomerulus to pass between the afferent and 
efferent arterioles (juxtaglomerular means “near the glomeru- 
lus”). At the point where the distal tubule makes eontaet with 
the afferent arteriole, there are speeialized eells in eaeh that 
together make up the JG apparatus. 


Reeeptors in the distal tubule respond to low sodium 
eontent in the filtrate leaving the nephron. Note that low 
sodium in the filtrate eorrelates with low volume. When stim- 
ulated, these reeeptors trigger eells in the afferent arteriole 
to seerete the enzyme renin (RE-nin) (see Table 19-1). This 
enzyme partieipates in the production of angiotensin II from 
inaetive precursors. Angiotensin II elevates blood pressure by 
several meehanisms. It promotes the release of aldosterone 
and ADH and stimulates thirst, raising blood pressure by 
inereasing blood volume. It also inereases blood pressure by 
stimulating vasoeonstrietion (narrowing of the arterioles). As 
discussed later, angiotensin II elevates blood pressure by sev- 
eral meehanisms. Box 19-2 has more details on these events 
and their elinieal applieations. 
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Figiire 19-10 


The juxtaglomerular (JG) apparatus. KEY POINT Note howthe distal tubule eontaets the afferent 


arteriole (right) .Cells in these two structures make upthe JG apparatus,which releases renin to raise blood pressure. 
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Box 19-2 






The Renin-Angiotensin Pathway: Renal Control 
of Blood Pressure 


ln addition to forming urine, the kidneys 
lay an integral role in regulating blood pres- 
sure. When blood pressure drops, eells of the JG 
apparatus seerete the enzyme renin into the blood. Renin aets 
on another blood protein, angiotensinogen, which is manufac- 
tured by the liver. Renin eonverts angiotensinogen into angio- 
tensin I by eleaving off some amino aeids from the end of the 
protein. Angiotensin I is then eonverted into angiotensin II by 
yet another enzyme ealled angiotensin-eonverting enzyme (ACE), 
vvhieh is manufactured by capillaryendothelium,especially in the 
lungs.Angiotensin II inereases blood pressure in four vvays: 

1. It inereases eardiae output and stirrmlates vasoeonstrietion. 

2. It stirrmlates the release of aldosterone, a hormone that 
aets on the nephron's distal tubule to inerease sodium 
reabsorption and,secondarily, vvater reabsorption. 


3. It stirrmlates the release of ADH, vvhieh aets direetly on 
the distal tubules and eolleeting ducts to inerease vvater 
reabsorption. 

4. It stimulates thirst eenters in the hypothalamus,resulting in 
inereased fluid consumption. 

The eombined effeets of angiotensin II produce a dramatie 
inerease in blood pressure. In faet, angiotensin II is estimated 
to be four to eight times more powerful than norepinephrine, 
another potent stimulator of hypertension, and thus, it is a 
good target for blood pressure-controlling drugs. One elass of 
drugs used to treat hypertension is the ACE inhibitors, which 
eontrol blood pressure by bloeking the production of angio- 
tensin II. 


See the Student Resources on thePoint® for a flow ehart 
summarizing kidney regulation of blood pressure. 


CHECKPOINTS 



□ 19-11 What proeess drives materials out of the glomerulus 

and into the glomemlar capsule? 


19-12 What is the name of the proeess that returns materials 

from the nephron baek to the circulation? 


□ 19-13 What eomponent of the filtrate is moved by tubular 

seeretion to balanee pH? 

□ 19-14 What hormone eontrols water reabsorption from the 

eolleeting duct of the nephron? 

19-15 What substance is produced by the JG apparatus,and 

under what eonditions is it produced? 


C7\SEP0MT 



19-4 Ethan's body fluids are excessively dilute. How would 
this ehange normally affeet ADH seeretion? 


Eliminat on of Urine 

Urine is excreted from the kidneys into the two ureters, which 
transport urine to the bladder. It is then stored until eliminated 
from the body via the urethra. Let us take a eloser look at eaeh 
of these organs. 

THE LIRETERS 

Eaeh of the two ureters is a long, slender, muscular tube that 
extends from the kidney down to and through the inferior por- 
tion of the urinary bladder (see Fig. 19-3). Like the other parts 
of the urinary system, the ureters are entirely extraperitoneal 
(outside the peritoneum). Their length naturally varies with 


the size of the individual; they may be anywhere from 25 to 
32 em (10 to 13 in) long. Nearly 2.5 em (1 in) of the ter- 
minal distal ureter passes obliquely (at an angle) through the 
inferior bladder wall. The two ureteral openings are loeated 
just superior and lateral to the urethral opening on the inferior 
surface of the bladder and are proteeted by one-way valves 
(Fig. 19-11). A full bladder eompresses the distal ureters and 
eloses these valves, preventing the backflow of urine. 

The ureteral wall includes a lining of epithelial eells, a 
relatively thiek layer of involuntary muscle, and finally, an 
outer eoat of fibrous eonneetive tissue. The epithelium is the 
transitional type, which flattens from a cuboidal shape as the 
tube stretehes. This same type of epithelimn lines the renal 
pelvis, the bladder, and the proximal portion of the urethra. 
The ureteral muscles are eapable of the same rhythmie eon- 
traetion (peristalsis) that occurs in the digestive system. Urine 
is moved along the ureter from the kidneys to the bladder by 
gravity and by peristalsis at frequent intervals. 

THE IIRINARY BLADDER 

When it is empty, the urinary bladder is loeated posterior to 
the pubic symphysis, as shown in Figure 20-1. The urinary 
bladder is a temporary reservoir for urine, just as the gallblad- 
der is a storage sae for bile. A full (distended) bladder lies in an 
unprotected position in the lower abdomen, and a blow may 
rupture it, neeessitating immediate surgical repair. 

The bladder wall has many layers. It is lined with mucous 
membrane eontaining transitional epithelium. The bladder’s 
lining, like that of the stomaeh, is thrown into folds ealled 
mgae (see Fig. 19-11) when the organ is empty. Beneath the 
mucosa is a layer of eonneetive tissue, followed by a layer 
of involuntary smooth muscle that ean streteh eonsiderably. 
Finally, the parietal peritoneum eovers the bladder’s superior 
portion. 
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Figure 19-11 


The male urinary bladder. f (j KEY POINTThe interior of the bladder is folded into rugae. Internal 


and external sphineters regulate urination.The trigone is a triangular region in the floor of the bladder marked by the 
openings of the ureters and the urethra. 1 w ZOOMING IN What gland does the urethra pass through in the male? 


When the bladder is empty, the muscular wall thiekens, 
and the entire organ feels firm. As the bladder fills, the mus- 
cular wall beeomes thinner, and the organ may inerease from 
a length of 5 em (2 in) up to as much as 12.5 em (5 in) or 
even more. A moderately full bladder holds about 470 mL 
(1 pint) of urine. 

The trigone (TRI-gone) is a triangular-shaped region in 
the floor of the bladder. It is marked by the openings of the 
two ureters and the urethra (see Fig. 19-11). As the bladder 
fills with urine, it expands upward, leaving the trigone at the 
base stationary. This stability prevents stretehing of the ure- 
teral openings and the possible backflow of urine into the 
ureters. 

THE LIRETHRA 

The urethra earries urine from the bladder to the outside 
(see Fig. 19-3). The urethra differs in males and females; 
in the male, it is part of both the reproductive system and 
the urinary system, and it is much longer than is the female 
urethra. 

The male urethra is approximately 20 em (8 in) in 
length. Proximally, it passes through the prostate gland, 
where it is joined by two ducts earrying male reproductive 
eells (spermatozoa) from the testes and glandular seeretions 
(see Fig. 20-1). From here, it leads to the outside through 
the penis (PE-nis), the male organ of copulation. The male 
urethra serves the dual purpose of draining the bladder and 
eonveying semen with spermatozoa. 

The urethra in the female is a thin-walled tube about 
4 em (1.5 in) long. It is posterior to the pubic symphysis 
and is embedded in the muscle of the anterior vaginal 
wall (see Fig. 20-6). The external opening, the urethral 
orifiee, is loeated just anterior to the vaginal opening 
between the labia minora. The female urethra drains only 


the bladder and is entirely separate from the reproductive 
system. 

LIRINATION 

The proeess of expelling (voiding) urine from the bladder is 
ealled urination or micturition (mik-tu-RISH-un). This pro- 
eess is eontrolled both voluntarily and involuntarily with the 
aid of two muscular rings (sphineters) that surround the ure- 
thra (see Fig. 19-11). Near the bladder’s outlet is an involun- 
tary internal urethral sphineter formed by a continuation of 
the bladder’s smooth muscle. Below this muscle is a voluntary 
external urethral sphineter formed by the muscles of the pel- 
vie floor. 

As the bladder fills with urine, streteh reeeptors in its 
wall send impulses to a eenter in the lower part of the spinal 
eord. Motor impulses from this eenter stimulate eontraetion 
of the bladder wall and relaxation of the urethral sphineters, 
foreing urine outward. In the infant, this emptying occurs 
automatically as a simple reflex. Impulses from higher brain 
eenters ean overeome this reflexive relaxation of the external 
urethral sphineter, bloeking involuntary urination. IJrination 
ean also be voluntarily initiated by higher motor eenters, 
even when the bladder is virtually empty. Early in life, a ehild 
learns to eontrol urination, a proeess known as toilet train- 
ing. The impulse to urinate will override conscious eontrols if 
the bladder beeomes too full. 

THE LIRINE 

Urine is a yellowish liquid that is approximately 95% water 
and 5% dissolved solids and gases. The pH of freshly eolleeted 
urine averages 6.0, with a range of 4.5 to 8.0. Diet may cause 
eonsiderable variation in pH as well as eolor and odor. For 
example, some people’s urine takes on an unusual odor when 
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they eat asparagus, and beet consumption ean give urine a 
worrying reddish hue. 

The amount of dissolved substances in urine is indi- 
eated by its speeifie gravity. The speeifie gravity of pure 
water, used as a standard, is 1.000. Because of the dissolved 
materials it eontains, urine has a speeifie gravity that nor- 
mally varies from 1.002 (very dilute urine) to 1.040 (very 
eoneentrated urine). When the kidneys are diseased, they 
lose the ability to eoneentrate urine, and the speeifie grav- 
ity no longer varies as it does when the kidneys function 
normally. 

Some of the dissolved substances normally found in the 
urine are the following: 

■ Nitrogenous waste products, including the following: 

■ Urea, formed from amine groups released in protein 
eatabolism 

■ Uric aeid from the breakdown of purines, which are 
found in some foods and mieleie aeids 

■ Creatinine (kre-AT-ih-nin), a breakdown product of 
muscle ereatine 

■ Eleetrolytes, including sodium ions, ehloride, and dif- 
ferent kinds of sulfates and phosphates. Eleetrolytes are 
excreted in appropriate amounts to keep their blood 
eoneentration eonstant. 

■ Pigments, like urochrome, a yellow substance derived from 
the breakdown of hemoglobin, is the main pigment in 
urine. Small amount of bilimbin and other bile pigments 
are also found in normal urine. Beets and other dark foods 
ean add eolor, as ean B vitamins, vitamin C, and food dyes. 
Also eertain dmgs ean alter the eolor of the urine. 


CHECKPOINTS 



19-16 What is the name of the tube that earries urine from 

the kidney to the bladder? 


□ 19-17 What openings form the bladder's trigone? 

19-18 What is the name of the tube that earries urine from 

the bladder to the outside? 


ensEPOim 



19-5 If Ethan's body was functioning normally, what would 
happen to the speeifìe gravity of his urine as the kidneys 
eompensated for his excess water intake? 


The Effeets of Aging on the 
Urinary System 

Even without any disease, aging causes the kidneys to lose 
some of their ability to eoneentrate urine. With aging, pro- 
gressively more water is needed to excrete the same amount 
of waste. Older people find it neeessary to drink more water 
than do young people, and they eliminate larger amounts of 
urine (polyuria), even at night (nocturia). 


Beginning at about 40 years of age, there is a deerease in 
the number and size of the nephrons. Often, more than half 
of them are lost before the age of 80 years. Elderly people are 
more susceptible than young people to urinary traet infee- 
tions. Childbearing may cause damage to the pelvie floor 
musculature, resulting in urinary traet problems in later years. 

Enlargement of the prostate, eommon in older men, 
may cause obstmetion and baek pressure in the ureters and 
kidneys (see Fig. 19-1). If this eondition is untreated, it will 
cause permanent damage to the kidneys. Changes with age, 
including deereased bladder eapaeity and deereased muscle 
tone in the bladder and urinary sphineters, may predispose 
people to ineontinenee, an inability to eontrol urination. 
However, most elderly people (60% in mirsing homes and 
up to 85% living independently) have no ineontinenee. 


Fluid Balanee 

Negative feedbaek meehanisms maintain the eomposition and 
volume of body fluids within narrow limits. Whenever the vol- 
ume or ehemieal makeup of these fluids deviates even slightly 
from normal, disease results. The eonstaney of body fluids is 
maintained in the following ways: 

■ The thirst meehanism helps maintain a eonstant fluid 
volume by adjusting water intake. 

■ Kidney aetivity helps keep water volume and eleetrolytes 
eonstant by adjusting the loss of water and dissolved 
substances in the urine. 

■ Buffers, respiration, and kidney function regulate body 
fluid pH (aeidity and alkalinity). 

The maintenanee of proper fluid balanee involves many of 
the prineiples discussed in earlier ehapters, such as pH and 
buffers, the effeets of respiration on pH, tonieity of solu- 
tions, and forees influencing eapillary exchange. Some of 
these ehapters are refereneed in the following seetions. 

WATER BALANCE 

In a healthy person, the quantity of water gained in a day is 
approximately equal to the quantity lost (output) (Fig. 19-12). 
The quantity of water consumed in a day (intake) varies eon- 
siderably among individuals and is typieally inereased in hot 
weather; however, the average adult in a eomfortable environ- 
ment takes in about 2,300 mL of water (about 2% qt) daily. 
About two-thirds of this quantity eomes from drinking water 
and other beverages; about one-third eomes from foods, such 
as frnits, vegetables, and soups. About 200 mL of water is 
produced eaeh day as a byproduct of cellular respiration. This 
water, deseribed as metabolie ivater , brings the total average 
gain to 2,500 mL eaeh day. 

The same volume of water is eonstantly being lost from 
the body by the following routes: 

■ The kidneys excrete the largest quantity of water lost 
eaeh day. About 1 to 1.5 L of water are eliminated daily 
in the urine. 
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Figure 19-12 


Daily gain and loss of water. J _ KEY POINT In 


a healthy person, water gained in a day is approximately equal to the 
quantity lost. ZOOMING IN In what way is the most water lost 
in a day? 


C0NTR0L 0F WATER INTAKE 

As you ean see by studying Figure 19-12, it is essential to 
take in enough fluid eaeh day to replaee physiologie losses. 
Our thirst meehanism prompts us to drink water. The eon- 
trol eenter for the sense of thirst is loeated in the brain’s 
hypothalamus. This eenter plays a major role in the regula- 
tion of total fluid volume. A deerease in fluid volume or an 
inerease in the eoneentration of body fluids stimulates the 
thirst eenter, causing a person to drink water or other fluids 
eontaining large amounts of water. Dryness of the mouth 
also causes a sensation of thirst. (See Box 19-3 on reeeptors 
involved in water balanee.) 

Thirst and drinking are our only defenses against 
deereased fluid volume, because the kidneys ean only eon- 
serve existing body flmds. Ideally, the thirst meehanism 
should stimulate enough drinking to balanee fluids, but this 
is not ahvays the ease. During vigorous exercise, espeeially in 
hot weather, the body ean dehydrate rapidly, and people may 
not drink enough to replaee needed fhiids. While plain water 
is usually the best ehoiee, prolonged dehydration should be 
treated with beverages eontaining sodium and other elee- 
trolytes in order to maximize water absorption from the 
intestine. 

While the thirst eenter effeetively stimulates thirst, it 
does not prevent excess beverage consumption, as illustrated 
in Ethan’s ease study. As previously discussed, the kidneys 
normally eompensate for excess beverage consumption by 
excreting more urine. 


The skin. Although sebum and keratin help prevent 
dehydration, water is eonstantly evaporating from the 
skin’s surface. Larger amounts of water are lost from the 
skin as sweat when it is neeessary to eool the body. 

The lungs expel water along with exhaled air. 

The intestinal traet eliminates water along with the 
feees. 


C0NTR0L 0F URINE 0UTPUT 

The kidneys play a eritieal role in the regulation of blood 
volume and eleetrolyte eoneentrations in extracellular flu- 
ids by modifying the volume and eomposition of urine. The 
maintenanee of water and eleetrolyte balanee is one of the 
most difficult problems for health providers in earing for 
patients. 



A CLOSER LOOK 


Osmoreeeptors: Thinking 

Osmoreceptorsarespecializedneuronsthat 
help maintain water balanee by deteeting 
ehanges in the eoneentration of extracellular 
fluid (ECF).They are loeated in the hypothalarrms 
of the brain in an area adjaeent to the third ventriele, where they 
monitor the osmotie pressure (eoneentration) of the circulating 
blood plasma. 

Osmoreeeptors respond primarily to small inereases 
in sodium, the most eommon eation in ECF. As the blood 
beeomes more eoneentrated, sodium draws water out of the 
eells, initiating nerve impulses.Traveling to different regions of 
the hypothalamus,these impulses may have two different but 
related effeets: 



Box 19-3 




about Thirst 

■ They stimulate the hypothalamus to produce antidiuretic 
hormone (ADH), which is then released from the poste- 
rior pituitary. ADH travels to the kidneys and causes these 
organs to eonserve water. 

■ They stirrmlate the thirst eenter of the hypothalarrms, caus- 
ing inereased consumption of water. Almost as soon as 
water consumption begins, however,the sensation of thirst 
disappears. Reeeptors in the throat and stomaeh send inhibi- 
tory signals to the thirst eenter, preventing overconsump- 
tion of water and allowing time for ADH to affeet the kidneys. 

Both of these meehanisms serve to dilute the blood and other 
body fluids.Both are needed to maintain optimal water balanee.lf 
either fails,a person soon beeomes dehydrated. 
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Figure 19-13 


Aldosterone.KEY POINT Aldosterone 


inereases vvater retention and potassium loss. ÍJ ZOOMING IN 
Hovv would the overconsumption of potassium-rich foods like 
bananas alter aldosterone seeretion? 


As mentioned earlier, sodium plays a eritieal role in 
water balanee. An inerease in body sodium stimulates water 
consumption and deereases urine volume in order to restore 
sodium homeostasis. On the other hand, a deerease in 
body fluid volume stimulates water intake and also reduces 
sodium loss to prevent excessive dilution of body fluids. 

Thirst and urine output are eontrolled by several dif- 
ferent hormones, as introduced in ehapter 11 and discussed 
earlier in this ehapter (see fable 19-1). 

■ High blood potassium and low blood pressure stimulate 
the production of aldosterone from the adrenal cortex 
(Fig. 19-3). Aldosterone promotes the reabsorption of 
sodium (and thus, water) and the elimination of potas- 
sium in the kidney. 

■ When the blood eoneentration of sodium rises above 
the normal range, the pituitary seeretes more antidi- 
uretic hormone (ADH). This hormone inereases water 
reabsorption in the kidney to dilute the excess sodium. 

■ Low blood pressure also stimulates the production 
of angiotensin II (ATII), as noted earlier. ATII stimu- 
lates thirst as well as the release of both aldosterone 
and ADH. 


stinmlates aldosterone prodiietion, but aldosterone aets to 
inerease sodinm retention. 


CHECKPOINTS 



□ 19-19 VVhat are four routes for water loss from the body? 

□ 19-20 VVhat hormone from the adrenal cortex promotes 

sodium reabsorption in the kidney? 


19-21 VVhat pituitary hormone inereases water reabsorption 

in the kidney? 
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19-6 VVhat is the response of the hypothalamie thirst eenter 
to the dilution of body fluids? Did Ethan listen to his 
body signals? 


Aeid-Base Balanee 

The pH seale is a measure of how aeidie or basie (alkaline) a 
solution is. As deseribed in Chapter 2, the pH seale measures 
the hydrogen ion (H + ) eoneentration in a solution. Body flu- 
ids are slightly alkaline, with a pH range of 7.35 to 7.45. 
These fluids must be kept within a narrow pH range, or 
damage, even death, will result. A shift in either direetion by 
three-tenths of a point on the pH seale, to 7.0 or 7.7, is fatal. 

REGIILATION 0F pH 

Reeall from Chapter 18 that earbon dioxide, generated 
by cellular respiration, dissolves in the blood and yields 
earbonie aeid. Carbonic aeid lowers blood pH. This 
ehange usually appears exclusively in venous blood, 
because healthy lungs exhale as much CO, as the body 
produces. However, any impairment of lung function 
ean cause CO, to accumulate in arterial blood and thus 
lower blood pH. 

The body eonstantly produces aeids in the course 
of metabolism that eannot be eliminated in exhaled air. 
Catabolism of fats yields fatty aeids and ketones, and anaer- 
obie metabolism during intense exercise generates hydrogen 
ions. Moreover, signifieant amounts of base are lost in the 
feees in the form of biearbonate ions. Normal metabolie 
aetivities thus tend to reduce blood pH. Conversely, a 
few abnormal eonditions may cause alkaline shifts in pH. 
Several systems aet together to counteract these ehanges and 
maintain aeid-base balanee (Fig. 19-14): 


■ Atrial natriuretic peptide (ANP) is seereted by speeialized 
atrial myoeardial eells when blood pressure rises too high. 
ANP causes the kidneys to excrete sodium and water, thus 
deereasing blood volume and lowering blood pressure. The 
name eomes from natrinm , the Latin name for sodium, 
and the adjeetive for mesis , which refers to urination. 

. Remember tbat ADH and aldosterone are eontrolled by 
different stimuli and exert distinet effeets. Tbe plasma sodium 
eoneentration eontrols ADH seeretion, but ADH aets direetly 
to regulate ivater retention. Conversely, loiv blood pressme 


Buffer systems. Buffers are substances that prevent 
sharp ehanges in hydrogen ion (H + ) eoneentration and 
thus maintain a relatively eonstant pH. Buffers work by 
aeeepting or releasing these ions as needed to keep the 
pH steady. The main buffer systems in the body are biear- 
bonate buffers, phosphate buffers, and proteins, such as 
hemoglobin in red blood eells and plasma proteins. 

Respiration. The respiratory system ean eompensate 
for inereased metabolie aeid production, because faster, 
deeper breathing eliminates more earbon dioxide and 
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inereased ventilation 
exhales more C0 2 . 



/yv- 


Figure 19-14 


pH Regulation.This figure illustrates the response to aeids that are ingested or generated by 


metabolie proeesses.KEY POINTThe body eompensates for these aeids using buffersand inereased ventilation, 


but renal aetions are required to eliminate the excess 
ions? 


aeids. f „ 


ZOOMING IN Which organ generates biearbonate 


makes the blood more alkaline. Conversely, abnormal 
loss of metabolie aeids (say, from excess vomiting) 
reduces ventilation, so earbon dioxide is retained, and 
blood beeomes a bit more aeidie. However, the respira- 
tory system uses up buffers as it eompensates for pH 
disturbances, so its aetions are temporary. 

Kidney function. As noted, the kidneys regulate pH by 
reabsorbing or eliminating hydrogen ions as needed and 
ereating new buffer molecules. The kidneys are respon- 
sible for long-term pH regulation. 


CHECKPOINT 



19-22 What are three meehanisms for maintaining the aeid- 

base balanee of body fìuids? 


See the Student Resources on thePoint® for informa- 
tion on emergeney medieal teehnieians who often 
must administer fluids in providing health eare. 
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A & P in Aetion Revisited 


Ethan Overdid the Hydration 

The next day, LeiLani was heading down to the bay to 
go paddLe boarding when she ran into Darren. 

y/ Hey Darren, what ever happened to the Late fin- 
isher, Ethan?" she asked. 

/y Just as I thought, he had exercise-associated 
hyponatremia," Darren repLied. "BLood tests showed 
that his bLood sodium LeveL was onLy 129 mmoL/L, and 
it shouLd be between 135 and 145. We treated him 
with sodium tabLets and a diuretic, and he was OK after 
about eight hours." 

"Do you know what caused this?" LeiLani asked. "I 
know athLetes have to guard against dehydration, but 
I never knew that overhydration couLd be a probLem." 

Darren smiLed, "Ethan's eoaeh baek home toLd him 
to drink as much and as often as he couLd, and he foL- 
Lowed the adviee too enthusiasticaLLy. When he started 
to feeL bad, he assumed that he was dehydrated, and 


so he drank more water. Most peopLe respond to the 
inereased water intake by urinating more, and they 
don't get siek. But for reasons we don't yet under- 
stand, some peopLe who overdrink retain too much 
water and dangerousLy diLute their body fLmds. We 
estimate that Ethan must have gained about 8 Lb 
of water weight during the raee, showing that he is 
susceptibLe to EAH and wiLL have to reaLLy watch his 
hydration in future raees. I'm not saying that dehydra- 
tion isn't dangerous—it is—but peopLe have to trust 
their sense of thirst more and Let their body signaLs 
reguLate their fLuid intake. We ean't know in advanee 
who wiLL deveLop EAH, so we advise aLL of our triath- 
Letes to drink no more than two cups of Liquid per 
hour. We weigh them before they start the run portion, 
and if they haven't Lost some weight we ask them to 
stop drinking for a whiLe." 
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CHAPTER 


Chapter Wrap-Up 



Summary Ovemew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 
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Word Anatomy 


Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Flnid Compartments 

extra- 

outside of, beyond 

Extracellular fluid is outside the eells. 

intra- 

within 

lntracellular fluid is within a eell. 

semi- 

partial, half 

A semipermeable membrane is partially permeable. 

The Kidneys 

juxta- 

next to 

The juxtaglomerular apparatus is next to the glomerulus. 

nephr/o 

kidney 

The nephron is the functional unit of the kidney. 

ren/o 

kidney 

The renal artery earries blood to the kidney. 

retro- 

backward, behind 

The retroperitoneal spaee is posterior to the peritoneal eavity. 

ur/o 

urine, urinary traet 

JJroehrome is a yellow pigment found in urine. 

The JJreters 

extra- 

beyond, outside of 

The ureters are extraperitoneal. 

The Effeets ofAging 

noet/i 

night 

Noetnria is excessive urination at night. 

Flnid Balanee 

osmo 

osmosis 

Osmoreeeptors deteet ehanges in osmotie eoneentration of fluids. 

p°iy- 

many 

Polydipsia is excessive thirst. 


Quest ons for Study and Rev1ew 

BLIILDING LINDERSTANDING 

Fill in the Blanks 

The amount of dissolved substances in urine is indieated 
by its_. 

The body’s hydrogen ion eoneentration is regulated by 
substances in body fluids ealled_. 


1. Fluid loeated between the eells in tissues is 4. 

ealled_. 

2. Eaeh kidney is loeated outside the abdominal eavity in 5. 

the_spaee. 

3. The functional unit of the kidney is the_. 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6. Produced by the kidney in response to low blood pressure 

7. Stimulates vasoeonstrietion 

8 . Produced by the kidney in response to hypoxia 

9. Stimulates kidneys to produce eoneentrated urine 

10. Produced by the liver during protein eatabolism 


a. urea 

b. erythropoietin 

C. antidiuretic hormone 

d. renin 

e. angiotensin 
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Miiltiple Choice 

_ 11. What is the cluster of eapillaries through which 

materials enter the nephron tubule? 

a. renal capsule 

b. juxtaglomerular apparatus 
C. glomerulus 

d. glomerular capsule 

_ 12. Which structure is responsible for evaporative water 

loss? 

a. intestinal traet 

b. kidney 
C. hmg 
d. skin 

_ 13. Reabsorbed or unfiltered materials ean be moved into 

the nephron by what proeess? 

a. filtration 

b. tubular seeretion 
C. diffusion 

d. osmosis 

LÍNDERSTANDING CONCEPTS 

17. List four organ systems aetive in excretion. What are the 
products eliminated by eaeh? 

18. Referring to The Body Visible in the front of the book, 
give the name and number of: 

a. the triangle at the base of the bladder 

b. the vessel that eolleets blood from the 
renal vein 

C. a vessel that travels along the base of a renal 
pyramid 

d. vessels that surround the aseending and deseending 
limbs of the nephron 

e. the tube that empties into a minor calyx 


14. Which structure is responsible for voluntary eontrol 
of urination? 

a. trigone 

b. internal urethral sphineter 
C. external urethral sphineter 
d. urinary meatus 

15. Which of the following is an important buffer in body 
fluids? 

a. ehloride 

b. biearbonate 

C. metabolie water 
d. aldosterone 

16. Which system is responsible for long-term pH 
regulation? 

a. buffer system 

b. digestive system 
C. respiratory system 
d. urinary system 


19. Compare and eontrast the following terms: 

a. glomemlar filtration and tubular reabsorption 

b. afferent arteriole and efferent arteriole 
C. proximal tubule and distal tubule 

d. ureter and urethra 

e. anions and eations 

20. Traee the pathway of a urea molecule from the afferent 
arteriole to the urinary meatus. 

21. Explain the role of the hypothalamus in water balanee. 

22. What are some metabolie sources of aeids in body fluids? 

23. How do the respiratory and urinary systems regulate pH? 


CONCEPTUAL THINKING 

24. A elass of antihypertensive drugs ealled loop 
diuretics prevents sodium reabsorption in the 
nephron loop. How could a drug like this lower 
blood pressure? 


25. In the opening ease study, Ethan replaeed body flmds 
lost in the Ironman eompetition with pure water. What 
physiologie ehanges resulted, and how did they relate to 
his symptoms? 


For more questions, see the Learning Aetivities on 

thePoinf. 











CHAP ÍER 20 ► The Male and Female Reproductive Systems 
CHAP £R 21 ► Development and Heredity 

The fínal unit includes two ehapters on the structures and functions related to reproduction and hered- 
ity. The reproductive system is not neeessary for the continuation of the life of the individual but rather 
is needed for the continuation of the human speeies. The reproductive eells and their genes have been 
studied intensively during reeent years as part of the rapidly advaneing seienee of geneties. 





















CHAPTER 


The Male and Female Reproductive Systems 



Learnìng Objeetìves 

After earefiil study of this ehapter, you shouLd be 
able to: 

1 ► Identify the maLe and femaLe gametes, 

and state the purpose of meiosis. p. 412 

2 ► Name the aeeessory organs and gonads 

of the maLe reproductive system, and 
eite the function of eaeh. p. 412 

3 ► Deseribe the eomposition and function 

of semen. p. 413 

4 ► Draw and LabeL a spermatozoon. p. 415 

5 ► Identify the two hormones that reguLate 

the production and deveLopment of the 
maLe gametes. p. 415 

6 ► Name the aeeessory organs and gonads 

of the femaLe reproductive system, and 
eite the function of eaeh. p. 417 

7 ► In the eorreet order, List the hormones 

produced during the menstmaL eyeLe, 
eiting the source and function of eaeh. 

p. 420 

8 ► Deseribe the ehanges that occur during 

and after menopause. p. 421 

9 ► Cite the main methods of birth eontroL 

in use. p. 422 

10 ► Llsing the text and information in the ease 

study, discuss possibLe causes of infertiLity 
in men and women. p. 411, 425 

11 ► Show how word parts are used to buiLd 

words reLated to the reproductive 
systems (see Word Anatomy at the end 
of the ehapter). p. 427 


A & P in Aetion Jessiea and Brett’s ìnfertility Problems 


"Do you think my 
history of endome- 
triosis is the reason 
I am unabLe to eon- 
eeive? In my earLy 
20s, I started tak- 
ing the piLL to heLp 
with my heavy and 
painfuL periods. My 
gyneeoLogist said 

that I had stage III endometriosis." 

Jessiea, a 34-year-oLd computer systems anaLyst, and 
her husband were eonferring with Dr. Christensen, an infer- 
tiLity speeiaList reeommended by her famiLy physieian. 

"I stopped taking the piLL about two years ago when 
Brett and I deeided to start a famiLy," Jessiea said. "I know it 
ean take a whiLe for the effeet of eontraeeptive piLLs to wear 
off, but two years seems reaLLy Long." 

"Your medieaL history is definiteLy reLevant," the spe- 
eiaList repLied and went on to expLain. "As you are aware, 
endometriosis is a eondition in which the Lining of the 
uterus grows in Loeations outside of the uterus. These 
deposits break down and bLeed every month, just Like the 


endometrium within your uterus. This might cause infLam- 
mation and ehanges in the peLvie organs that wouLd affeet 
your abiLity to eoneeive. Your physieian has aLready done 
the preLiminary tests for both you and Brett. Your thyroid 
hormones and FSH LeveLs are normaL. ALso I see that you 
monitored your LH LeveLs over severaL months with urine 
tests, and the resuLts showed that you are ovuLating at 
about Day 15 of your eyeLe. Brett, your sperm count was 
weLL within normaL Limits, and the eeLLs were normaL in 
shape and aetive. This means it appears that you are both 
abLe to make heaLthy gametes. The next step is to Look 
for structuraL probLems in Jessiea's reproductive traet that 
might interfere with fertiLization or nourishing the fertiL- 
ized egg. I'LL scheduLe an endoseopie exam of your uterus 
and uterine tubes." 

Brett ehimed in, "What if we find out that there's some- 
thing wrong? Do we have any other options?" 

"WeLL, Let's take this one step at a time," the doetor 
responded. "There's aLways the possibiLity of in vitro fertiL- 
ization, or IVF, but Let's first see what might be preventing 
you from beeoming pregnant." 

Later we wiLL see the resuLts of Jessiea's endoseopy and 
the coupLe's options for starting a famiLy. 



As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES 7ìt-7ì-Qlance 

Visit thePoint® (www.thepoint.lww.com/MemmlerSFHB11e) to 
text and its resources most effeetively, see pp. xi-xxii. 

Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Deseent of the Testes 

► Web Figure: Laparoseopie Sterilization 

► Web Chart: Reproductive Hormones 

► Animation: Ovulation and Fertilization 

► Health Professions: Physieian Assistant 

► Detailed Ohapter Outline 


aeeess the following resources. For guidance in using this 

► Answers to Questions for Study and Review 

► Audio Pronunciation Glossary 

Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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■i 



* A LOOK BACK 


In tbis ehapter ; retmn onee again to the eoneept of nega- 
tive feedbaek, ivhieh regnlates some reprodiietive aetivities in 
males and females. We also provide more details on the pro- 
dnetion and aetion of the sex hormones, first introdneed in 
Chapter 11. The reprodnetive system shares some stmetmes 
with the minary traet, diseiissed in Chapter 19. 


T he ehapters in this imit deal with what is eertainly one 
of the most interesting and mysterious attributes of life: 
the ability to reproduce. The simplest forms of life, one-eelled 
organisms, usually need no partner to reproduce; they simply 
divide by themselves. This form of reproduction is known as 
asexual (nonsexual) reproduction. 

In most animals, however, reproduction is sexual, 
meaning that there are two kinds of individuals, males and 
females, eaeh of which has speeialized eells designed speeifi- 
eally for the perpetuation of the speeies. These speeialized 
sex eells are known as gametes (GAM-etes), or germ eells. 
In the male, they are ealled spermatozoa (sper-mah-to-ZO- 
ah; sing., spermatozoon) or simply sperm eells; in the female, 
they are ealled ova (O-vah; sing., ovum) or eggs. 

Gametes are eharaeterized by having half as many 
ehromosomes as are found in any other body eell. During 


their formation, they go through a speeial proeess of eell 
division, ealled meiosis (mi-O-sis), which halves the num- 
ber of ehromosomes (see Fig. 21-12). In humans, meiosis 
reduces the ehromosome number in a eell from 46 to 23. 
The role of meiosis in reproduction is explained in more 
detail in Chapter 21. 

The male and female reproductive systems eaeh include 
two groups of organs, primary and aeeessory: 

■ The primary organs are the gonads (GO-nads), or sex 
glands; they produce the gametes and manufacture hor- 
mones. The male gonad is the testis (pl., testes), and the 
female gonad is the ovary. 

■ The aeeessory organs include a series of ducts that trans- 
port the gametes as well as various exocrine glands. 

The Male Reproductive 

System 

The male reproductive system functions to manufacture sper- 
matozoa (sperm eells) and to deliver them to the female. As 
illustrated in Figure 20-1, this system includes two testes, 
which are the sites of spermatozoa production, and the aeees- 
sory organs. We begin our discussion with the ductal system 
that stores sperm eells and delivers them outside the body. 
(See Figure A3-13 in the Disseetion Atlas for a photograph of 
the male reproductive system.) 
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Figure 20-1 


IVIale reproductive system.This sagittal seetion illustrates the organs of the male reproductive 


system. ( ZOOMING IN What four glands empty seeretions into the urethra? What duct reeeives seeretions from the 


epididymis? 
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ACCESS0RY ORGANS 

The testes deliver spermatozoa into a greatly eoiled tube ealled 
the epididymis (ep-ih-DID-ih-mis), which is 6 m (20 ft) long and 
is loeated on the surface of the testis (see Fig. 20-1). While they 
are temporarily stored in the epididymis, the sperm eells mature 
and beeome motile, able to move or u swim” by themselves. 

The epididymis extends upward as the ductus deferens 
(DEF-er-enz), also ealled the vas deferens. This tube loops 
over the pubic bone and curves behind the urinary bladder. 
The ductus deferens widens to form an ampulla (dilation) just 
before it joins with the duct of the seminal vesiele (VES-ih-kl) 
on the same side to form the ejaculatory (e-JAK-u-lah-to-re) 
duct. The right and left ejaculatory ducts travel through the 
body of the prostate gland and then empty into the urethra. 

SEMEN 

Semen (SE-men) (meaning “seed”) is the mixture of sperm eells 
and various seeretions that is expelled from the body. It is a 
stieky fluid with a milky appearanee. The pH is in the alka- 
line range of 7.2 to 7.8. The seeretions in semen serve several 
functions: 

■ Nourish the spermatozoa 

■ Transport the spermatozoa 

■ Neutralize the aeidity of the male urethra and the female 
vaginal traet 

■ Lubricate the reproductive traet during sexual intercourse 

■ Prevent infeetion by means of antibaeterial enzymes and 
antibodies 

The glands discussed next contribute seeretions to the semen 

(see Fig. 20-1). 

The Seminal Vesieles The seminal vesieles are twisted 
muscular tubes with many small outpouchings. They are 
approximately 7.5 em (3 in) long and are attaehed to the 
eonneetive tissue at the posterior of the urinary bladder. The 
glandular lining produces a thiek, yellow, alkaline seeretion 
eontaining large quantities of simple sugar and other sub- 
stanees that provide nomishment for the spermatozoa. The 
seminal fluid makes up a large part of the semen’s volume. 

he Prostate Gland The prostate gland lies immediately 

inferior to the rninary bladder, where it surrounds the first 
part of the rnethra. Ducts from the prostate earry its seere- 
tions into the rnethra. The thin, alkaline prostatie seeretion 
helps neutralize vaginal aeidity and enhanees the spermato- 
zoa’s motility. The prostate gland is also supplied with mus- 
cular tissue, which, upon signals from the nervous system, 
eontraets to aid in the expulsion of the semen from the body. 

Bulbourethral Glands The bulbourethral (bul-bo-u- 

RE-thral) glands, also ealled Cowper glands , are a pair of 
pea-sized organs loeated in the pelvie floor just inferior 
to the prostate gland. They seerete mucus to lubricate the 
rnethra and tip of the penis drning sexual stimulation. 
The ducts of these glands extend approximately 2.5 em 


(1 in) from eaeh side and empty into the rnethra before it 
extends into the penis. 

Other very small glands seerete mucus into the urethra as 
it passes through the penis. 

THE IIRETHRA AND PENIS 

The male urethra, as discussed in Ohapter 19, serves the dual 
purpose of eonveying urine from the bladder and semen from the 
ejaculatory duct to the outside. Semen ejeetion is made possible 
by ereetion, the stiffening and enlargement of the penis, through 
which the major portion of the rnethra extends. The penis is 
made of spongy tissue eontaining many blood spaees that are 
relatively empty when the organ is flaeeid but that fill with blood 
and distend when the penis is ereet. This tissue is subdivided into 
three segments, eaeh ealled a corpus (body) (see Figs. 20-1 and 
20-2). A single, ventrally loeated corpus spongiosum eontains 
the rnethra. On either side is a larger corpus cavemosum (pl., 
eorpora eavernosa). At the distal end of the penis, the corpus 
spongiosum enlarges to form the glans penis, which is eovered 
with a loose fold of skin, the prepuce (PRE-puse), eommonly 
ealled the foreskin. It is the end of the foreskin that is removed 
in a circumcision (sir-kum-SIZH-un), a surgery frequently per- 
formed on male infants for religious or cultural reasons. Experts 
vary in their opinions on the medieal value of circumcision with 
regard to improved eleanliness and disease prevention. 

Ejaculation (e-jak-u-LA-shun) is the forceful expulsion 
of semen through the rnethra to the outside. The proeess is 
initiated by reflex eenters in the spinal eord that stimulate 
smooth muscle eontraetion in the prostate. This is followed 
by eontraetion of skeletal muscle in the pelvie floor, which 
provides the foree needed for expulsion. During ejaculation, 
the involuntary sphineter at the base of the bladder eloses to 
prevent the release of urine. 

A male typieally ejaculates 2 to 5 mL of semen eontain- 
ing 50 to 150 million sperm eells per mL. Out of the millions 
of spermatozoa in an ejaculation, only one, if any, ean fertil- 
ize an ovum. The remainder of the eells live from only a few 
hours up to a maximum of five to seven days. 
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Figure 20-2 


Cross-section of the penis.The subdivisions 


of the penis are shown along with assoeiated vessels and a nerve. 

ZOOMING IN What subdivision ofthe penis eontainsthe urethra? 
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THE TESTES 

The testes are loeated outside of the body proper, suspended 
between the thighs in a sae ealled the scrotum (SKRO-tum) 
(Fig. 20-3). The penis and scrotum together make up the 
male external genitalia (jen-ih-TA-le-ah). The scrotum also 
eontains the epididymis and the proximal portion of the duc- 
tus deferens. The testes are oval organs measuring approxi- 
mately 4.0 em (1.5 in) in length and approximately 2.5 em 
(1 in) in eaeh of the other two dimensions. During embry- 
onie life, eaeh testis develops from tissue near the kidney. 


A month or two before birth, the testis normally 
deseends (moves downward) through the inguinal (ING- 
gwih-nal) eanal in the abdominal wall into the scrotum. 
There, the testis is suspended by a spermatie eord that 
extends through the inguinal eanal (see Fig. 20-3D). This 
eord eontains blood vessels, lymphatie vessels, nerves, and 
the ductus deferens. The gland must deseend eompletely if it 
is to function normally; to produce spermatozoa, the testis 
must be kept at the temperature of the scrotum, which is 
several degrees lower than that of the abdominal eavity. 
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Figure 20-3 


Thetestis. (j KEY POINT Spermatozoa develop within the testis's seminiferous tubules. A.The 


testes and serotal sae. B. A seminiferous tubule. C. A mierograph illustrating a eross-seetion of a seminiferous tubule. 
D.The spermatie eord passes through the inguinal eanal. O ZOOMING IN Where are the interstitial eells loeated? 
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See the Student Resources on thePoint® for a figure 
showing deseent of the testes. 


Internal Structure Most of the speeialized tissue of 

the testis eonsists of tiny, eoiled seminiferous (seh-mih- 
NIF-er-us) tubules (see Fig. 20-3A). Primitive eells in 
the walls of these tubules develop into spermatozoa, 
aided by neighboring eells ealled sustentacular (sus- 
ten-TAK-u-lar) (Sertoli) eells (Fig. 20-3B). These so- 
ealled “nurse eells” nourish and proteet the developing 
gametes. They also seerete a protein that binds testos- 
terone in the seminiferous tubules. Onee produced, sper- 
matozoa pass into the epididymis for storage and final 
maturation. 

Speeialized interstitial (in-ter-STISH-al) eells that seerete 
the male sex hormone testosterone (tes-TOS-teh-rone) are 
loeated between the seminiferous tubules. An older name for 
these eells is Leydig (Ll-dig) eells. Figure 20-3C is a miero- 
seopie view of a seminiferous tubule in eross-seetion, show- 
ing the developing spermatozoa. 


CHECKPOINTS 



□ 20-1 VVhat is the proeess of eell division that halves the 

ehromosome number in a eell to produce a gamete? 


□ 20-2 VVhat is the male gamete ealled? 

20-3 VVhat is the male gonad? 

□ 20-4 VVhat is the structure on the surface of the testis that 

stores sperm? 


20-5 VVhat glands, aside from the testis, contribute seeretions 
to semen? 


□ 20-6 VVhat are the main subdivisions of a spermatozoon? 


C7\SEP0MT 



20-1 In the ease study, why did the physieian conclude that 
Brett wasfertile? 


Whiplike movements of the tail (flagellum) propel the 
sperm through the female reproductive traet to the ovum. 
The eell’s middle region (midpieee) eontains many mitoehon- 
dria that provide energy for movement. m Look elosely at 
tbe spermatozoon in Fìgure 20-4. Note tbat it eontains very 
little eytoplasm. 


he Spermatozoa Spermatozoa are tiny individual 
eells illustrated in Figure 20-4. They are so small that at 
least 200 million ean be eontained in the average ejacula- 
tion. Beginning at puberty, sperm eells are manufactured 
continuously in the seminiferous tubules. 

The spermatozoon has an oval head that is mostly a 
nucleus eontaining ehromosomes. The aerosome (AK-ro- 
some), which eovers the head like a eap, eontains enzymes 
that help the sperm eell penetrate the ovum. 


Head 


Neek 


Aerosome 


Midpieee 


Nucleus 



Tail (flagellum) 


Hormonal Control of Male 
Reproduction 

The aetivities of the testes are under the eontrol of two hormones 
produced by the anterior pituitary as well as testiailar hormones 
themselves (Fig. 20-5). These hormones are named for their 
aetivity in female reproduction (deseribed later), although they 
are ehemieally the same in both males and females. They are: 

■ Follicle-stimulating hormone (FSH) stimulates the sus- 
tentacular eells to produce growth faetors that promote 
the formation of spermatozoa. 

■ Luteinizing hormone (LH) stimulates the interstitial eells 
between the seminiferous tubules to produce testoster- 
one, which is also needed for sperm eell development. 

Starting at puberty, the hypothalamus begins to seerete a hor- 
mone (gonadotropin-releasing hormone, known as GnRH) 
that triggers the release of FSH and LH. These hormones are 
continuously seereted in the male. 

The aetivity of the hypothalamus is in turn regulated by 
a negative feedbaek meehanism involving testosterone. As 
the blood level of testosterone inereases, the hypothalamus 
seeretes less GnRH; as the level of testosterone deereases, the 
hypothalamus seeretes more GnRH (Fig. 20-5). 

TEST0STER0NE 

From the testis, testosterone diffuses into surrounding fluids 
and is then absorbed into the bloodstream. This hormone has 
many fimetions, including (see Fig. 20-5) 


Figure 20-4 


Human spermatozoon.The diagram shows major 


structural features of the male gamete." v ZOOMING IN What 
organelles provide energy for sperm eell motility? 


Development and maintenanee of the male reproductive 
aeeessory organs 

Development of spermatozoa 
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Testosterone exerts 
effeets on many 
tissues. 


J 


lnduces the development 
of male sex eharaeteristies 
at puberty; stimulates the 
growth of muscle and 
other tissues 


lnduces the development 
of male ducts, glands, and 
external genitalia in the fetus 


Figure 20-5 


Hormonal eontrol of male reproduction.The hypothalamus and anterior pituitary gland eontrol 


testosterone synthesis by the testes.Testosterone regulates sperm production and other functions relating to 
male reproduction and also feeds baekto inhibit its own seeretion. ZOOMING IN Which hormone stimulates 
testosterone seeretion—LH or FSH? 


Development of seeondary sex eharaeteristies, traits that 
eharaeterize males and females but are not direetly eon- 
eerned with reproduction. In males, these traits include a 
deeper voiee, broader shoulders, narrower hips, a greater 
pereentage of muscle tissue, and more body hair than 
found in females. 


CHECKPOINTS 



o 20-7 What two pituitary hormones regulate both male and 

female reproduction? 


20-8 Which eell type in the testis produces the main male sex 

hormone? 


The Effeets of Aging on Male 
Reproduct on 

A gradual deerease in the production of testosterone and 
spermatozoa begins at about the age of 40 and continues 
throughout life. Sperm motility and quality also deeline in 
middle and later life, but some men retain fertility into their 
90s. Seeretions from the prostate and seminal vesieles deerease 
in amount and beeome less viscous. 

Ereetile dysfunction may affeet men at any age, but 
its prevalenee inereases with age. It is defined as an inabil- 
ity to attain or maintain an ereetion adequate to engage 
in sexual intercourse. Box 20-1 has more information on 
the causes and treatments of this disorder. 
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PERSPECTIVES 



Box 20-1 




Treating Ereetile Dysfunction 


Approximately 25 million Ameriean men and their partners are 
affeeted by ereetile dysfunction (ED), the inability to aehieve 
or sustain an ereetion long enough to have satisfying sexual 
intercourse.Although ED is more eommon in men overtheage 
of 65, it ean occur at any age and ean have many causes. Until 
reeently, ED was believed to be caused by psyehologieal fae- 
tors, such as stress or depression. It is now known that many 
eases of ED are caused by physieal faetors, including eardio- 
vascular disease, diabetes, spinal eord injury, and damage to 
penile nerves during prostate surgery. Antidepressant and 
antihypertensive medieations also ean produce ED. 

Ereetion results from interaetion between the autonomic 
nervous system and penile blood vessels. Sexual arousal stim- 
ulates parasympathetie nerves in the penis to release a eom- 
pound ealled nitrie oxide (NO), which aetivates the vascular 
smooth muscle enzyme guanylyl eyelase. This enzyme eata- 
lyzes production ofeyelieGMP (cGMP),a potentvasodilatorthat 
inereases blood flow into the penis to cause ereetion. Physieal 
faetors that cause ED prevent these physiologie occurrences. 


Until reeently, treatment options for ED, such as penile 
injections,vacuum pumps,and insertion of medieations into 
the penile urethra,were inadequate, inconvenient,and pain- 
ful. Today, drugs that target the physiologie meehanisms 
that underlie ereetion are giving men who suffer from ED 
new hope. The best known of these is sildenafìl (Viagra), 
which works by inhibiting the enzyme that breaks down 
eGMP, thus prolonging the effeets of NO. Because of its short 
duration of aetion, Viagra must be taken shortly before sex- 
ual intercourse. Other drugs, such as tadalafil (Cialis) ean be 
taken onee daily, removing the need to plan the timing of 
sexual aetivity. 

Although effeetive in about 80% of all ED eases, Viagra 
ean cause some relatively minor side effeets, including head- 
ache,nasal congestion,stomach upset,and blue-tinged vision. 
Viagra should never be used by men who are taking nitrate 
drugs to treat angina. Because nitrate drugs elevate NO levels, 
taking them with Viagra, a drug that prolongs the effeets of 
NO,can cause life-threatening hypotension. 


Nonmalignant enlargement of the prostate, known as 
benign prostatie hyperplasia (BPH), exists in nearly all men 
by the age of 80 and causes symptoms in about half of them. 
As noted in Chapter 19, an enlarged prostate ean put pres- 
sure on the urethra and interfere with urination. 

The Female Reproductive 
System 

The female gonads are the paired ovaries (O-vah-reze), where 
the female gametes, or ova, are formed. The remainder of 
the female reproductive traet eonsists of an organ (uterus) 
to hold and nourish a developing infant, various passage- 
ways, and the external genital organs (Fig. 20-6). As with 
our discussion of the male, we introduce the aeeessory organs 
before focusing on the structure and hmetion of the ovary. 
(See Figure A3-12B in the Disseetion Atlas for a photograph 
of the female reproductive system.) 

ACCESS0RY ORGANS 

The aeeessory organs in the female are the uterus, the uter- 
ine tubes, the vagina, the greater vestibular glands (not illus- 
trated), and the vulva (see Fig. 20-6). The breasts are also 
eonsidered to be aeeessory reproductive organs in the female; 
because of their role in ehild nourishment, they are discussed 
in Chapter 21. 

I he Uterus The uterus (U-ter-us) is a pear-shaped, mus- 
cular organ approximately 7.5 em (3 in) long, 5 em (2 in) 
wide, and 2.5 em (1 in) deep, in which the fetus develops to 
maturity (see Fig. 20-6). (The organ is typieally larger in 


women who have borne ehildren and smaller in postmeno- 
pausal women.) The uterus’s superior portion rests on the 
upper surface of the urinary bladder; the inferior portion is 
embedded in the pelvie floor between the bladder and the 
rectum. Its wider upper region is ealled the body, or eor- 
pus; the lower, narrower region is the cervix (SER-viks), or 
neek. The small, rounded region above the level of the tubal 
entranees is known as the fundus (FUN-dus). 

Folds of the peritoneum ealled the broad ligaments sup- 
port the uterus, extending from eaeh side of the organ to the 
lateral body wall. Along with the uterus, these two mem- 
branes form a partition dividing the female pelvis into ante- 
rior and posterior areas. The ovaries are suspended from the 
broad ligaments, and the uterine tubes lie within the upper 
borders. Blood vessels that supply these organs are found 
between the layers of the broad ligaments. 

The muscular wall of the uterus is ealled the myometrium 
(mi-o-ME-tre-um) (Fig. 20-6B). The lining of the uterus is a 
speeialized epithelium known as endometrium (en-do-ME- 
tre-um). This inner layer undergoes monthly ehanges during 
a woman’s reproductive years, first building up to nourish 
a fertilized egg, then breaking down if no fertilization has 
occurred. This degenerated endometrial tissue is released as 
the menstmal flow. The eavity inside the uterus is shaped 
somewhat like a eapital T, but it is eapable of ehanging shape 
and dilating as a fetus develops. 

he Uterine ílbes Eaeh uterine (U-ter-in) tube is a 
small, muscular structure, nearly 12.5 em (5 in) long, 
extending from the uterus to a point near the ovary (see 
Fig. 20-6). They are also known as ovidnets (0-vih-dukts) 
or fallopian (fah-LO-pe-an) tubes. There is no direet eon- 
neetion between the ovary and uterine tube. Instead, the 
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Figure 20-6 


Female reproductive system. A. As shown in this sagittal view,the female internal genitalia are 


sandwiched between structures of the urinary and gastrointestinal systems, which are also shown.Structures of the 
reproductive system are labeled in bold type. B. Ligaments hold the uterus and ovaries in plaee. * ZOOMING IN 
What is the deepest part of the uterus called?The most inferior portion? 


ova are released from the ovary into the abdominal eavity. 
Fimbriae (FIM-bre-e), small, fringelike extensions of the 
tube’s opening, ereate currents in the peritoneal fluid that 
sweep the ovum into the uterine tube. 

Unlike the sperm eell, the ovum eannot move by itself. Its 
progress through the uterine tube toward the uterus depends 


on the sweeping aetion of eilia in the tube’s lining and on 
peristalsis of the tube. It takes about five days for an ovum to 
reaeh the uterus from the ovary. 

I he Vagina The vagina is a muscular tube approxi- 
mately 7.5 em (3 in) long (Fig. 20-6A). The cervix dips 
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into the vagina’s superior portion forming a circular reeess 
known as the fornix (FOR-niks). The deepest area of the 
fornix, loeated behind the cervix is the posterior fornix. 
This reeess in the posterior vagina lies adjaeent to the most 
inferior portion of the peritoneal eavity, a narrow passage 
between the uterus and the rectum named the rectouterine 
pouch. A rather thin layer of tissue separates the poste- 
rior fornix from this region so that abseesses or tumors in 
the peritoneal eavity ean sometimes be deteeted by vaginal 
examination. 

The lining of the vagina is a wrinkled mucous membrane 
similar to that found in the stomaeh (Fig. 20-6B). The rugae 
(folds) permit enlargement so that ehildbirth usually does not 
tear the lining. In addition to being a part of the birth eanal, 
the vagina is the organ that reeeives the penis during sexual 
intercourse. A fold of membrane ealled the hymen (Hl-men) 
may sometimes be found at or near the vaginal (VAJ-ih-nal) 
eanal opening. 

The Greater Vestibular Glands Just superior and 

lateral to the vaginal opening are the two mucus-producing 
greater vestibular (ves-TIB-u-lar) (Bartholin) glands (not 
illustrated). These glands seerete into an area near the vagi- 
nal opening known as the vestibule. Like the bulbourethral 
glands in males, these glands provide lubrication during 
intercourse. If a gland beeomes infeeted, a surgical ineision 
may be needed to reduce swelling and promote drainage. 

The Vulva and the Perineum The external female 

genitalia make up the vulva (VUL-vah) (Fig. 20-7 and Atlas 
Figure A3-14). This includes two pairs of labia (LA-be-ah), 
the larger labia majora (sing., labium majus) and smaller 
labia minora (sing., labium minus). It also includes the eli- 
toris (KLIT-o-ris), a small organ of great sensitivity, as well 
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Figure 20-7 


External parts of the female reproductive system. 


( KEY POINTThe external female genitalia,or vulva, includesthe 
labia,elitoris,and mons pubis. Nearby structures are also shown. 


as the openings of the urethra and vagina, and the mons 
pubis , a pad of fatty tissue over the pubic symphysis (joint) 
(see Fig. 20-6A). Although the entire pelvie floor in both 
the male and female is properly ealled the perineum (per- 
ih-NE-um), those who eare for pregnant women usually 
refer to the limited area between the vaginal opening and 
the anus as the perinenm or obstetrie perinenm. 

THE OVARIES AND OVA 

The ovary is a small, somewhat flattened oval body measuring 
approximately 4 em (1.6 in) in length, 2 em (0.8 in) in width, 
and 1 em (0.4 in) in depth (Fig. 20-8). Like the testes, the ova- 
ries deseend, but only as far as the pelvie eavity. Here, they are 
held in plaee by ligaments, including the broad ligaments, the 
ovarian ligaments, and others, that attaeh them to the uterus 
and the body wall. 

The outer layer of eaeh ovary is made of a single layer 
of epithelium. The ova are produced beneath this layer. Eaeh 
ovum is eontained within a small cluster of eells ealled an ovar- 
ian folliele (o-VA-re-an FOL-ih-kl) (Fig. 20-8). The follicular 
eells proteet the ovum and produce the ovarian hormones. 
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Figure 20-8 


The ovary. íj KEY POINTThe gametes and 


hormone-producing eells of the ovary are organized in follieles. 

A. The ovary,containing follieles in different stages of maturatior 

B. This mierograph shows an ooeyte within a mature folliele. 
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Unlike males, females are born with all of the gametes 
they will ever produce. The ovaries of a newborn female 
eontain more than a million immature follieles, but only a 
few hundred thousand remain viable at puberty. As puberty 
approaehes, a few follieles begin to develop. Their ooeytes 
enlarge, and the follicular eells multiply. During eaeh month 
of a woman’s reproductive years, one developing folliele 
(usually) is ehosen to fully mature and release its ovum. 
Figure 20-8 shows follieles at different stages of develop- 
ment. The final stages of development and release are dis- 
cussed shortly in the context of the female reproductive eyele. 


CHECKPOINTS 



20-9 What is the female gamete ealled? 

20-10 What is the female gonad ealled? 

20-11 In what organ does a fetus develop? 
20-12 In what structure does an ovum mature? 


The Female Reproductive 
Cycle 

In the female, as in the male, reproductive function is eon- 
trolled by pituitary hormones that are regulated by the hypo- 
thalamus. Female aetivity differs, however, in that it is eyelie; 
it shows regular patterns of inereases and deereases in hor- 
mone levels. The most obvious sign of these ehanges is peri- 
odie vaginal bleeding, or menstmation (men-stru-A-shun), so 
this eyele is known as the menstmal eyele. The typieal length 
of the menstmal eyele varies between 22 and 45 days, but 
28 days is taken as an average, with the first day of menstmal 
flow being eonsidered the first day of the eyele (Fig. 20-9). 

Before we delve into the details of the eyele, take a 
moment to sean Figure 20-9. Ovulation (ov-u-LA-shun), the 
release of the gamete from the ovary, separates the reproduc- 
tive eyele into the preovulatory (follicular) and postovula- 
tory (luteal) phases. The first row illustrates ehanges in the 
production of pituitary hormones. The seeond row illustrates 
how pituitary hormones alter follicular development in the 
ovary. As the folliele grows and transforms, it produces vary- 
ing amounts of hormones, as shown in the third row. These 
hormones cause eyelie ehanges in the uterus, as shown at the 
bottom of the diagram. 

PREOVLILATORY PHASE 

At the start of eaeh eyele, under the influence of pituitary FSH, 
several follieles, eaeh eontaining an ovum, enter the final stages 
of maturation. As eaeh folliele matures, it enlarges, and fluid 
accumulates in its eentral eavity. While it grows, the folliele 
seeretes inereasing amounts of the ovarian hormone estrogen 
(ES-tro-jen), which stimulates further growth of the folliele 
(see Fig. 20-9, seeond row). (Estrogen is the term used for a 
group of related hormones, the most aetive of which is estra- 
diol.) Eventually, most of the developing follieles die off, and 
only a single folliele survives to release its ovum, as discussed 


shortly. Any maturing follieles that do not release their ova 
simply degenerate. 

The estrogen produced by the follieles travels through 
the blood to the uterus (as well as to other tissues), where it 
starts preparing the endometrium for a possible pregnaney. 
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Figure 20-9 


The female reproductive eyde. . KEY POINT 



The anterior pituitary gland seeretes FSH and LH, which eontrol the 
folliele and corpus luteum.The folliele and corpus luteum seerete 
ovarian hormones,which eontrol ehanges in the uterine endometrium. 


This fìgure illustrates an average 28-day menstmal eyele with 



ovulation on Day 14. v ZOOMING IN What ovarian hormone peaks 
elosest to ovulation? What ovarian hormone peaks after ovulation? 
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This preparation includes thiekening of the endometrium 
and elongation of the glands that produce uterine seere- 
tions. The time period between menstmation and ovulation 
is known as the proliferative phase of uterine development 
(see Fig. 20-9, bottom). 

Estrogen in the blood also aets as a feedbaek messenger 
to inhibit the release of FSH. When estrogen reaehes high 
levels, it stimulates the LH surge, a sharp rise of LH in the 
blood (see Fig. 20-9, first row). (Note that there is also 
a small rise in FSH at this time caused by the inerease in 
hypothalamie-releasing hormone that promotes the rise in 
LH.) The LH surge triggers the next stage of the reproduc- 
tive eyele—ovulation. 

OVLILATION AND THE P0ST0VULAT0RY 
PHASE 

Approximately one day after the LH surge, ovulation occurs. 
The wall of the mature folliele and the adjaeent ovarian tis- 
sue both rupture, releasing the ovum into the peritoneum. 
Currents in the peritoneal fluid ereated by the fimbriae of the 
uterine tubes usually propel the ovum into the tube. In some 
women, ovulation causes a stabbing abdominal pain that ean 
persist minutes or hours. 

In an average 28-day eyele, ovulation occurs on Day 14 
and is followed two weeks later by the start of the menstmal 
flow (the beginning of a new eyele). However, an ovum ean 
be released any time from Days 7 to 21, thus accounting for 
the variation in the length of normal eyeles. 

In addition to causing ovulation, LH transforms the 
ruptured folliele into a solid mass ealled the corpus luteum 
(LU-te-um). This structure seeretes estrogen and also pro- 
gesterone (pro-JES-ter-one), a hormone that promotes the 
survival of a fertilized ovum and eventually an embryo. 
Under the influence of estrogen and progesterone, the endo- 
metrium continues to thieken, and the glands and blood 
vessels inerease in size. The glands also seerete inereasing 
amounts of fluid and nutrients, so the time period after ovu- 
lation and before menstruation is known as the seeretory 
phase of the uterine eyele. The rising levels of estrogen and 
progesterone feed baek to inhibit the release of FSH and LH 
from the pituitary. 

During the postovulatory phase, the ovum makes its 
journey to the uterus by way of the uterine tube. If the 
ovum is fertilized, it begins to seerete hormones that main- 
tain the corpus luteum for a few months. However, if the 
ovum is not fertilized, it dies within two to three days, 
and the corpus luteum degenerates by about 11 days post- 
ovulation. Sometimes, as a result of normal ovulation, 
the corpus luteum persists and forms a small ovarian eyst 
(flmd-filled sae). This eondition usually resolves without 
treatment, but large eysts may rupture or leak, causing 
severe abdominal pain. These larger eysts may require 
surgery. 

9 Compare the ovarian events to the ovarian hormone 
eoneentrations. Note that estrogen prodnetion inereases as 
the folliele enlarges, and both progesterone and estrogen 
prodnetion inerease as the eorpns luteum enlarges. 


MENSTRLIATION 

If fertilization does not occur, the corpus luteum degenerates, 
and the levels of estrogen and progesterone deerease. Without 
the hormones to support growth, the endometrium degener- 
ates. Small hemorrhages appear in this tissue, producing the 
bloody diseharge known as the menses (MEN-seze) or men- 
stmal floiv. Bits of endometrium break away and aeeompany 
the blood flow during this period of menstruation. The average 
duration of menstmation is two to six days. 

Even before the menstmal flow eeases, the endome- 
trium begins to repair itself through the growth of new 
eells. The low levels of estrogen and progesterone allow the 
release of FSH from the anterior pituitary. FSH causes new 
follieles to begin to ripen within the ovaries, and the eyele 
begins anew. 

The aetivity of ovarian hormones as negative feedbaek 
messengers is the basis of hormonal methods of eontraeep- 
tion (birth eontrol). The estrogen and progesterone in birth 
eontrol pills inhibit the release of FSH and LH from the pitu- 
itary, preventing follicular development and ovulation. The 
menstmal period that follows withdrawal of this pharmaceu- 
tieal estrogen and progesterone is anovulatory (an-OV-u-lah- 
tor-e); that is, it is not preeeded by ovulation. 


See the Student Resources on thePoinf for a sum- 
mary ehart on reproductive hormones and the ani- 
mation “Ovulation and Fertilization ” 


CHECKPOINTS 



□ 20-13 What are the two hormones produced in the ovaries? 

□ 20-14 VVhat proeess releases an ovum from the ovary? 

□ 20-15 VVhat does the folliele beeome after its ovum is 

released? 


C7\SEP0INTS 



20-2 During which phase of the ovarian eyele and the uterine 
eyele would Jessiea's endometrial tissue reaeh its 
maximum thiekness? 


20-3 Jessiea took oral eontraeeptives (estrogen and 

progesterone pills) for 2 years.VVhat effeet did this have 
on her FSH levels during those years? 

20-4 If Jessiea ovulated on day 15 of her menstmal cycle,on 
what day ean she expect her period? 


Menopaiise 

Menopause (MEN-o-pawz) is the time period during which 
menstmation eeases altogether. It ordinarily occurs gradually 
between the ages of 45 and 55 years and is caused by a normal 
deeline in ovarian function. The ovary beeomes ehiefly sear 
tissue and no longer produces mature follieles or appreeiable 
amounts of estrogen and progesterone. Eventually, the uterus, 
uterine tubes, vagina, and vulva all beeome somewhat atro- 
phied, and the vaginal mucosa beeomes thinner, dryer, and 
more sensitive. 
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Menopause is an entirely normal eondition, but its onset 
sometimes brings about effeets that are temporarily disturb- 
ing. The deerease in estrogen levels ean cause nervous symp- 
toms, such as anxiety and insomnia. Because estrogen also 
helps maintain the vascular dilation that promotes heat loss, 
low levels may result in “hot flashes.” 

Physieians may preseribe hormone replaeement therapy 
(HRT) to relieve the diseomforts assoeiated with meno- 
pause. This medieation is usually a eombination of estrogen 
with a synthetie progesterone (progestin), which is included 
to prevent overgrowth of the endometrium and the risk of 
endometrial eaneer. Studies with the most eommonly pre- 
seribed form of HRT have shown it lowers the ineidenee of 
eoloreetal eaneer. It also lowers the ineidenee of hip frae- 
tures, a sign of osteoporosis. However, in addition to an 
inereased risk of breast eaneer, HRT also earries a risk of 
thrombosis and embolism, which is highest among women 
who smoke. All HRT risks inerease with the duration of 
therapy. Therefore, treatment should be given for a short 
time and at the lowest effeetive dose. Women with a history 
or family history of breast eaneer or circulatory problems 
should not take HRT. 

Because of its benefieial effeets, studies are continuing 
with estrogen alone, generally preseribed for women who 
have undergone a hystereetomy and do not have a uterus. 

CHECKPOINT 

20-16 What is the term deseribing the eomplete eessation of 

menstrual eyeles? 

Birth Control 

Birth eontrol is most eommonly aehieved by eontraeeption, 
which is the use of artifieial methods to prevent fertilization 
of the ovum. Birth eontrol measures that prevent implanta- 
tion of the fertilized ovum are also eonsidered eontraeeptives, 
although teehnieally they do not prevent eoneeption and are 
more accurately ealled abortifaeients (ah-bor-tih-FA-shents) 
(agents that cause abortion). Some birth eontrol methods aet 
by both meehanisms. Fable 20-1 presents a brief deseription 
of the main eontraeeptive methods currently in use along with 
some advantages and disadvantages of eaeh. The list is given in 
a rough order of deereasing effeetiveness. 

The surest eontraeeptive method is surgical sterilization. 
Tubal ligation and vaseetomy work by severing and tying off 
(or cauterizing) the ducts that earry the gametes: the uterine 
tubes in women and the ductus deferens in men. A man who 
has had a vaseetomy retains the ability to produce hormones 
and semen as well as the ability to engage in sexual inter- 
course, but no fertilization ean occur. 

The various hormonal methods of birth eontrol basi- 
eally differ in how the hormones are administered. In addi- 
tion to delivery by pills, an injeetion, a skin pateh, or a 


vaginal ring, birth eontrol hormones ean be implanted as 
a thin rod under the skin of the upper arm. This method is 
highly effeetive and lasts for about three years, but it must 
be implanted and removed by a health professional. The 
emergeney eontraeeptive pill is a synthetie progesterone 
(progestin) taken within 72 hours after intercourse, usually 
in two doses 12 hours apart. It reduces the risk of preg- 
naney following unprotected intercourse. This so-ealled 
“morning-after pill” is intended for emergeney use and not 
as a regular birth eontrol method. Researehers have done 
trials with a male eontraeeptive pill, but none is on the mar- 
ket as yet. The male version of “the pill” also works by 
suppressing GnRH to inhibit release of FSH and LH, which 
are important in spermatogenesis. Use of testosterone as 
a negative feedbaek messenger requires regular injeetions 
and has some undesirable side effeets at the doses needed. 
Administration of the female hormone progesterone pre- 
vents spermatogenesis, but also inhibits normal testoster- 
one production. Studies are ongoing to find the best way to 
deliver the right male eontraeeptive hormones at safe and 
effeetive doses. 

Mifepristone (RU-486) is a drug taken after eoneeption 
to terminate an early pregnaney. It bloeks the aetion of pro- 
gesterone, causing the uterus to shed its lining and release the 
fertilized egg. It must be eombined with administration of 
prostaglandins to expel the uterine tissue. 

Condoms provide a physieal barrier that prevents the 
union of a sperm and egg. The female eondom is a sheath 
that fits into the vagina. A flexible inner ring inserted into the 
top of the vagina holds the eondom in plaee; an outer ring 
remains outside the vaginal opening. While more expensive 
than the male eondom, it gives a woman eontrol over last- 
minute eontraeeption and does not require any drugs or med- 
ieal visits. Male and female eondoms have an added benefit: 
they proteet against sexually transmitted infeetions (STIs). 
See Box 20-2 for more information about these diseases and 
how to prevent them. 


See the Student Resources on thePoint® for an illus- 
tration of laparoseopie sterilization. 


CHECKPOINT 



□ 20-17 What term deseribes the use of artifìeial means to 

prevent fertilization of an ovum? 


eiinies and medieal offiees, like those of gyneeolo- 
gists and other doetors, may employ physieian 
assistants. See the Student Resources on thePoinf 
for a deseription of this eareer. 
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Main Methods of Birth Control Currently in Use 




Method 


Deseription 


Advantages 


Disadvantages 


Surgical 

Vasectomy/tubal 

ligation 

Hormonal 

Birth eontrol pills 


Birth eontrol shot 


Birth eontrol pateh 


Birth eontrol ring 


Barrier 

Condom 


Male 


Female 


Diaphragm (with 
spermieide) 


Contraceptive 
sponge (with 
spermieide) 

Intrauterine deviee 


Other 

Spermieide 


Fertility awareness 


Cutting and tying of tubes 
earrying gametes 


Estrogen and progestin, or 

progestin alone, taken orally to 
prevent ovulation 


injeetion of synthetie 

progesterone every 3 mo to 
prevent ovulation 

Adhesive pateh plaeed on body 
that administers estrogen and 
progestin through the skin; left 
on for 3 wk and removed for a 
4th wk 

Flexible ring inserted into vagina 
that releases hormones 
internally; left in plaee for 3 wk 
and removed for a 4th wk 

Sheath that prevents semen 
from eontaeting the female 
reproductive traet 

Sheath that íits over ereet penis 
and prevents release of semen 

Sheath that íits into vagina and 
eovers cervix 

Rubber eap that íits over cervix 
and prevents entranee of sperm 


Soft, disposable foam disk 
eontaining spermieide which 
is moistened with water and 
inserted into the vagina 

Metal or plastie deviee inserted 
into uterus through vagina; 
prevents fertilization and 
implantation by release of 
eopper or birth eontrol 
hormones 

ehemieals used to kill sperm; best 
when used in eombination with 
a barrier method 

Abstinenee during fertile part 
of eyele as determined by 
menstmal history, basal body 
temperature, or quality of 
eervieal mucus 


Nearly 100% effeetive; involves 
no ehemieal or meehanieal 
deviees 

Highly effeetive; requires no last- 
minute preparation 


Highly effeetive; lasts for 
3-4 mo 


Proteets long-term; less 
ehanee of ineorreet use; no 
last-minute preparation 


Long-lasting; highly effeetive; 
no last-minute preparation 


Readily available; does not 
affeet physiology; does not 
require medieal consultation; 
proteets against STIs 

Inexpensive 


Gives women eontrol over last- 
minute eontraeeption 

Does not affeet physiology; no 
side effeets 


Proteets against pregnaney 
for 24 h; nonhormonal; 
available without 
preseription; inexpensive 

Highly effeetive for 5-10 y 

depending on type; reversible; 
no last-minute preparation 


Available without preseription; 
inexpensive; does not affeet 
physiology 

Does not affeet physiology; 
aeeepted by eertain religions 


Not usually reversible; rare 
surgical eomplieations 


Alters physiology; return to 
fertility may be delayed; 
risk of cardiovascular 
disease in older women 
who smoke or have 
hypertension 

Alters physiology; same side 
effeets as birth eontrol 
pill; possible menstmal 
irregularity, amenorrhea 

Alters physiology; same 
possible side effeets as 
birth eontrol pill 


Possible infeetions, 

irritation; same possible 
side effeets as birth 
eontrol pill 


Must be applied just before 
intercourse; may slip or 
tear 

Relatively expensive; 
may be difficult or 
ineonvenient to insert 

Must be inserted before 
intercourse and left in 
plaee for 6 h; requires 
fitting by physieian 

85%-90% effeetive 

depending on proper use; 
possible skin irritation 

Must be introduced by 
health professional; 
heavy menstmal bleeding 


May cause loeal irritation; 
must be used just before 
intercourse 

High failure rate; requires 
careful reeord keeping 
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Outer ring 


Figure 20-10 


Condoms. A. The male eondom eonsists of a flexible sheath. B. When applying a male eondom, 


leaving a spaee at the tip helps prevent breakage. C. The female eondom has a flexible inner ring and an outer ring 
supporting a sheath. D. The flexible inner ring is eompressed between the thumb and middle fìnger and inserted with 
the index fìnger deep into the vagina. 



HE 




f-\ 
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f-\ 
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f-\ 
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Box 20-2 


Sexually Transmitted infeetions: Lowering Your Risks 


Sexually transmitted infeetions (STIs) such 
as chlamydia,gonorrhea,genital herpes, HIV, 
and syphilis are some of the most eommon infee- 
tious diseases in the Llnited States,affecting more than 13 million 
men and women eaeh year.These diseases are assoeiated with 
eomplieations such as pelvie inflammatory disease, epididym- 
itis, infertility, liver failure, neurological disorders, eaneer, and 
AIDS. Women are more likely to eontraet STIs than are men.The 
same meehanisms that transport sperm eells through the female 
reproductive traet also move infectious organisms. The surest 
way to prevent STIs is to avoid sexual eontaet with others. If you 
are sexually active,the following techniques ean lower your risks: 


Maintain a monogamous sexual relationship with an unin- 
feeted partner. 

Correctly and eonsistently use a male or female eondom. 
Although not 100% effeetive, eondoms greatly reduce the 
riskof eontraeting an STI. 

Avoid eontaet with body fluids such as blood, semen, 
and vaginal fluids, all of which may harbor infectious 
organisms. 

LJrinate and wash the genitals after sex. This may help 
remove infectious organisms before they cause disease. 
Have regular checkups for STIs. Most of the time STIs cause 
no symptoms, particularly in women. 
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A & P in Aetion Revisited 


'essiea and Brett Diseiiss IVF 


Dr. ehristensen greeted the anxious coupLe as they 
waited in his offiee to get the results of Jessiea's 
Laparoseopy. 

"It appears that your uterine tubes have been 
searred and bLoeked, possibLy because of your endo- 
metriosis," he toLd Jessiea. "The good news is that 
your uterus Looks heaLthy. I didn't see any growths or 
maLformations that wouLd interfere with your abiLity to 
earry a fetus to term. As I mentioned previousLy, you 
might want to eonsider IVF to beeome pregnant." 

"Just how is that done?" Brett asked. 

"WeLL first, Jessiea, you wouLd go on a scheduLe of 
hormone suppLements to induce the ripening of muL- 
tipLe eggs," the doetor expLained. "These eggs are then 


removed from your ovaries prior to ovuLation. They are 
fertiLized with Brett's sperm in a Laboratory and then 
transferred into your uterus, bypassing the uterine 
tubes. This may have to be done more than onee, but 
it is the method of ehoiee in your ease. I'LL give you 
some information on eosts and reimbursements for this 
procedure." 

The coupLe thanked Dr. Christensen for his guid- 
anee and said they wouLd think about their options. 

Jessiea's ease iLLustrates a eLinieaL eondition asso- 
eiated with the femaLe reproductive system and some 
procedures avaiLabLe to sidestep infertiLity. Box 21-1 
in the next ehapter has more information on assisted 
reproductive techniques currentLy in use. 
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Chapter Wrap-Up 



Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 



Female 

reproductive system 


Birth 

eontrol 


Aeeessory 


Ovaries 

organs 


-Ova 

L Ovarian 

- Uterus 


- Llterine tubes follieles 

- Vagina 

-Greater vestibular 
gland 

- Vulva 



- Preovulatory phase 
FSH 

Estrogen 
-Ovulation 

l lh 

- Postovulatory phase 
Progesterone 
Corpus luteum 

L Menstruation 





-Seminal vesieles 

- Prostate gland 

- Bulbourethral 

glands 
-Llrethra 
L Penis 



-Seminiferous 

tubules 

- Spermatozoa 



- FSH 

- LH 

-Testosterone 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


corpus luteum 

endometrium 

estrogen 

follicle-stimulating hormone 

(FSH) 

gamete 


luteinizing hormone (LH) 

menopause 

menses 

menstruation 

ovarian folliele 

ovary 


ovulation 
ovum (pl., ova) 
progesterone 
semen 

spermatozoon (pl., 
spermatozoa) 


testis (pl., testes) 

testosterone 

uterus 


Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

The Male Reprodnetive System 

aer/o 

extremity, end 

The aerosome eovers the head of a sperm eell. 

circum- 

around 

A cut is made around the glans to remove part of the foreskin in a 
eir enmeision . 

fer 

to earry 

The ductus deferens earries spermatozoa away from (de-) the testis. 

semin/o 

semen, seed 

Sperm eells are produced in the seminiferons tubules. 

test/o 

testis 

The hormone testosterone is produced in the testis. 

The Female Reprodnetive System 

metr/o 

uterus 

The myometrinm is the muscular (my/o) layer of the uterus. 

ovar, ovari/o 

ovary 

An ovarian folliele eneloses an ovum. 

ov/o, ov/i 

egg 

An ovum is an egg eell. 

reet/o 

rectum 

The rectouterine pouch is between the uterus and the rectum. 


Questions for Study and Review 


BLIILDING LINDERSTANDING 

Fill in the Blanks 

1. Gametes go through a speeial proeess of eell division 

ealled_. 

2. Spermatozoa begin their development in tiny eoiled 

__ • 

3. An ovum matures in a small fluid-filled cluster of eells 
ealled the 


4. Release of an egg eell from the ovary is ealled_. 

5. The substance that transports sperm eells through the 
urethra is 
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Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 


6 . A hormone released by the pitiiitary that promotes 
follicular development in the ovary 

7. A hormone released by developing follieles that 
promotes thiekening of the endometrium 

8 . A hormone released by the pituitary that stimulates 
ovulation 

9. A hormone released by the corpus luteum that peaks 
after ovulation 

10. The main male sex hormone 


Mnltiple Choice 

_ 11. What structure does the fetal testis travel through to 

deseend into the scrotum? 

a. spermatie eord 

b. inguinal eanal 

C. seminiferous tubule 

d. vas deferens 

_ 12. Where are the enzymes that help the sperm eell 

penetrate the ovum loeated? 

a. aerosome 

b. head 

C. midpieee 
d. flagellum 

_ 13. Which structure eontains the male urethra? 

a. corpus cavernosum 

b. corpus spongiosum 
C. vas deferens 

d. seminiferous tubules 


(JNDERSTANDING CONCEPTS 

17. Referring to the male and female reproductive systems in 
The Body Visible at the beginning of the book, give the 
name and number of 

a. the duct that delivers semen to the urethra 

b. the seetion of the penis that surrounds the urethra 
C. a gland that seeretes mucus into the urethra in males 

d. structure formed by the folliele after ovulation 

e. extensions of the uterine tube that sweep an ovum into 
the tube 

f. organ of sexual stimulation in females 

g. portion of the reeess around the cervix 

18. Compare and eontrast the following terms: 

a. asexual reproduction and sexual reproduction 

b. spermatozoa and ova 

C. sustentacular eell and interstitial eell 

d. ovarian folliele and corpus luteum 

e. myometrium and endometrium 


a. follicle-stimulating hormone 

b. testosterone 
C. estrogen 

d. luteinizing hormone 

e. progesterone 


14. What structure(s) suspend(s) the uterus and ovaries in 
the pelvie eavity? 

a. uterine tubes 

b. broad ligaments 
C. fimbriae 

d. fornix 

15. What is the term for the area between the vaginal 
opening and the anus? 

a. vestibule 

b. vulva 
C. hymen 
d. perineum 

16. What phase is brought on by low estrogen and 
progesterone levels? 

a. luteal phase 

b. menstmal phase 
C. proliferative phase 
d. seeretory phase 


19. Traee the pathway of sperm from the site of production 
to the urethra. 

20. Deseribe the eomponents of semen, their sites of 
production, and their functions. 

21. List the hormones that eontrol male reproduction, and 
state their functions. 

22. Traee the pathway of an ovum from the site of 
production to the site of implantation. 

23. Beginning with the first day of the menstmal flow, 
deseribe the events of one eomplete eyele, including the 
role of the hormones involved. 

24. Define eontraeeption. Deseribe methods of eontraeeption 
that involve (1) barriers, (2) ehemieals, (3) hormones, and 
(4) prevention of implantation. 

25. Referring to the Disseetion Atlas in Appendix 3, name the 
four parts of the male urethra. 
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CONCEPTUAL THINKING 


26. Jodie, a middle-aged mother of three, is eonsidering a 
tubal ligation, a eontraeeptive procedure that involves 
cutting the uterine tubes. Jodie is worried that this 
might cause her to enter early menopause. Should she be 
worried? 

27. In the opening ease study, jessiea has fertility problems, 
possibly related to endometriosis. The word ending -sis 
means “eondition of”. What are the other word parts in 
this term and what do they mean? 

For more questions, see the Learning Aetivities on 

thePoinf. 






CHAPTER 


Development and Heredity 



Learnìng Objeetìves 

After carefuL study of this ehapter, you shouLd be 
abLe to: 

1 ► Deseribe fertiLization and the earLy 

deveLopment of the fertiLized egg. p. 432 

2 ► Deseribe the structure and function of the 

pLaeenta. p. 432 

3 ► Deseribe how fetaL circuLation differs from 

aduLt circuLation. p. 432 

4 ► Name five hormones aetive during 

pregnaney, and deseribe the function of 
eaeh. p. 433 

5 ► BriefLy deseribe ehanges that occur in 

the embryo, fetus, and mother during 
pregnaney. p. 434 

6 ► BriefLy deseribe the four stages of Labor. 

p. 438 

7 ► Name five hormones aetive in Laetation, 

and deseribe the aetion of eaeh. p. 441 

8 ► Cite the advantages of breast-feeding. p. 442 

9 ► Defi ne a gene, and briefLy deseribe how 

genes function. p. 442 



10 ► ExpLain the reLationship between genotype 

and phenotype for dominant and reeessive 
aLLeLes. p. 442 

11 ► ExpLai n how ehromosomes are distributed 

in meiosis. p. 444 

12 ► Perform a genetie eross using a Punnett 

square. p. 444 

13 ► ExpLain how sex is determined in humans 

and how sex-Linked traits are inherited. 

p. 446 

14 ► List three faetors that may inflnenee the 

expression of a gene. p. 446 

15 ► Define mutation. p. 448 

16 ► ExpLain the pattern of mitoehondriaL 

inheritanee. p. 448 

17 ► Llse Punnett squares to prediet the risk of 

inheriting genetie disorders, such as siekLe 
eeLL anemia. pp. 431,449 

18 ► Show how word parts are used to buiLd words 

reLated to deveLopment and heredity (see Word 
Anatomy at the end of the ehapter). p. 451 



A & P ìn Aetion Baby Gole’s Hereditary Blood Disorder 



S 


/ 


Both baby Cole and his mother Jada were 
napping in the maternity ward. Although 
CoLe was onLy a few hours oLd, he had 
aLready praetieed nursing with his mom and 
been bathed, fed, and given a thorough 

examination by his pediatri- 
eian, incLuding a hearing test 
and Apgar seore. As part of 
the hospitaL's routine neonataL 
procedures, a heeL stiek was 
done to obtain a sampLe of 
CoLe's bLood for testing in 
the hematoLogy Lab. 

In the Lab, Andrea, 

. the teehnoLogist, ran a 
paneL of tests to sereen for 
a eongenitaL thyroid defieieney, phenyLketonurea (PKU), and 
a number of other hereditary metaboLie diseases, as required 
by the state. When CoLe's bLood sereen showed positive for 
abnormaL hemogLobin S, Andrea eonfirmed her suspicions by 
examining the bLood eeLLs direetLy under the mieroseope. 

"Looks Like your patient CoLe has siekLe eeLL anemia," 
she reported to Dr. Hoffman, CoLe's pediatrieian. In response, 
the physieian traeked down the hospitaL's hematoLogist, and 
together they went to the Armstrongs' room to teLL them 
about the Lab resuLts. Jada and her husband CarL were sur- 
prised to see the two physieians enter. 



Dr. Hoffman sat down with them for a moment and then 
expLained. "We don't mean to frighten you, but CoLe's Lab 
tests have shown some abnormaLities. It appears that he has 
a genetie disorder eaLLed siekLe eeLL anemia. The hematoLo- 
gist is here with me to teLL you more about it." 

Dr. Evans introduced herseLf and continued, ToLe's dis- 
ease is caused by a mutation in the gene that direets the 
manufacture of the bLood's hemogLobin. You both earry two 
versions of the gene, one normaL and one abnormaL. Neither 
of you shows the disease because your normaL gene masks the 
effeet of the abnormaL gene. But CoLe inherited the abnormaL 
eopy of the gene from eaeh of you and thus shows siekLe 
eeLL anemia. His red eeLLs take on a ereseent shape, bLoeking 
bLood fLow and the deLivery of oxygen to his tissues." 

Seeing the parents' Look of aLarm she tried to reassure 
them. "Starting immediateLy, a medieaL team wiLL work with 
you to manage CoLe's disease and minimize tissue damage 
and pain." 

At first, Jada and CarL's attention was focused onLy on 
their ehiLd and the eare he wouLd need. Then they began to 
wonder how they had passed on the disease and whether or 
not other ehiLdren they might have wouLd be at risk. 

In this ehapter, we'LL Learn about pregnaney and ehiLd- 
birth, as weLL as genetie inheritanee in offspring. We'LL aLso 
go with the Armstrongs to visit a genetie counseLor and find 
out the ehanees of their passing a disease gene to another 

ehiLd. 


As you study this ehapter, CasePoints 



wiLL give you opportunities to appLy your Learning to this ease. 


ANCILLARIES 7ìt-7ì-Qlance 

Visit thePoinf (www.thepoint.lww.com/MemmlerSFHB11e) to aeeess the following resources. For guidance in using this 
text and its resources most effeetively, see pp. xi-xxii. 


Learning RESOURCES 

► Tips for Effeetive Studying 

► Web Figure: Apgar Seoring 
System 

► Web Figure: Meiosis in Male and 
Female Gamete Formation 

► Web Chart: Plaeental Hormones 


► Animation: Fetal Circulation 

► Health Professions: 

Midwives and Doulas 

► Detailed ehapter Outline 

► Answers to Questions for Study 
and Review 

► Audio Pronunciation Glossary 


Learning ACTIVITIES 

► Pre-Quiz 

► Visual Aetivities 

► Kinesthetie Aetivities 

► Auditory Aetivities 
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A LOOK BACK 


Tbis ebapter elaborates on tbe aetion of some bormones 
introdneed in Cbapter 11 as tbey apply to pregnaney, ebild- 
birtb, and laetation. Negative feedbaek meebanisms eon- 
trol many aspeets of reprodnetion. Hoivever, ebildbirtb and 
laetation represent a different type of feedbaek proeess — 
positive feedbaek—a system tbat aeeelerates ratber tban 
reverses an aetion. In Cbapter 3, we disenssed tbe stmetme 
and fnnetion of DNA, genes, and ebromosomes. Now we 
look fmtber into bow tbey fimetion to determine bereditary 
traits. 


Pregnaney 

Pregnaney begins with fertilization of an ovum and ends with 
ehildbirth. During this approximately 38-week period of 
development, known as gestation (jes-TA-shun), a single fertil- 
ized egg divides repeatedly, and the new eells differentiate into 
all the tissues of the developing offspring. Along the way, many 
ehanges occur in the mother as well as her baby. Obstetries 
(ob-STET-riks) (OB) is the braneh of medieine that is eon- 
eerned with the eare of women during pregnaney, ehildbirth, 
and the six weeks after ehildbirth. A physieian who speeializes 
in obstetries is an obstetrieian. 


FERTILIZATION AND THE START 
OFPREGNANCY 

When semen is deposited in the vagina, the millions of sper- 
matozoa immediately wriggle about in all direetions, some 
traveling into the uterus and uterine tubes. If an ooeyte (egg 
eell) is present in the uterine tube, many spermatozoa cluster 
around it (Fig. 21-1). Enzymes released from aerosomes on the 
sperm heads dissolve the eoating around the ovum so that the 
plasma membranes of the ovum and one sperm eell ean fuse. 
The nuclei of the sperm and egg then eombine in fertilization 
(see Box 21-1 for information on assisted reproduction). 

The result of this union is a single eell ealled a zygote 
(Zl-gote), which has the full human ehromosome number of 
46. The zygote divides rapidly into two eells and then four 
eells and soon forms a ball of identieal eells ealled a mornla 
(MOR-u-lah). During this time, the eell cluster is traveling 
toward the uterine eavity, pushed along by eilia lining the 
oviduct and by peristalsis (eontraetions) of the tube. Before 
it reaehes the uterus, the rnomla develops into a partially 
hollow structure ealled a blastoeyst (BLAS-to-sist). The blas- 
toeyst then burrows into the greatly thiekened uterine lining 
and is soon implanted and eompletely eovered. After implan- 
tation in the uterus, a group of eells within the blastoeyst, 
ealled the inner eell mass, beeomes an embryo (EM-bre-o), 
the term used for the growing offspring in the early stage 
of gestation. The rest of the blastoeyst eells, known as tro- 
phoblasts, will differentiate into tissue that will support the 
developing fetus (FE-tus), the growing offspring from the 
beginning of the third month of gestation until birth. 


THE PLACENTA 

For a few days after implantation, the embryo gets nour- 
ishment from its surrounding fluids. As it grows, the 
embryo’s inereasing needs are met by the plaeenta (plah- 
SEN-tah), a flat, circular organ that eonsists of a spongy 
network of blood-filled sinuses and eapillary-eontaining 
villi (Fig. 21-2A). (Plaeenta is from a Latin word meaning 
“paneake.”) The plaeenta eonsists of both maternal and 
embryonie tissue. The maternal portion is simply a well- 
vascularized internal portion of the endometrium named 
the decidua (de-SID-u-ah). The embryonie portion (derived 
from trophoblasts) is ealled the ehorion (KO-re-on), which 
forms projeetions ealled eborionie villi. The ehorionie villi 
break down the endometrial tissue, ereating a network of 
venous sinuses filled with maternal blood. The plaeenta is 
the organ of nutrition, respiration, and excretion for the 
developing offspring throughout gestation. Although the 
blood of the mother and her offspring do not mix—eaeh has 
its own blood and cardiovascular system—exchanges take 
plaee between maternal blood in the sinuses and embryonie 
blood in the eapillaries of the ehorionie villi. In this manner, 
gases (CO, and 0 2 ) are exchanged, nutrients are provided 
to the developing offspring, and waste products are released 
into the maternal blood to be eliminated. 

he mlbiliea Cord The embryo is eonneeted to the 

developing plaeenta by a stalk of tissue that eventually 
beeomes the umbilical (um-BIL-ih-kal) eord. This struc- 
ture earries blood to and from the embryo, later ealled 
the fetus. The eord eneloses two arteries that earry blood 
low in oxygen from the fetus to the plaeenta and one vein 
that earries blood high in oxygen from the plaeenta to the 
fetus (see Fig. 21-2). (Note that, like the pulmonary ves- 
sels, these arteries earry blood low in oxygen, and this vein 
earries blood high in oxygen.) 

=etal Gireillation The fetus has speeial circulatory adap- 
tations to earry blood to and from the rnnbilieal eord and to 
bypass its nonfunctional lungs (Fig. 21-2B). A small amount 
of the oxygen-rich blood traveling toward the fetus in the 
umbilical vein is delivered direetly to the liver. However, 
most of the blood bypasses the liver and is added to the 
oxygen-poor blood in the inferior vena eava through a small 
vessel, the ductus venosus. Although mixed, this blood still 
eontains enough oxygen to nourish fetal tissues. Onee in 
the right atrium, most of the blood flows direetly into the 
left atrium through a small hole in the atrial septum, the 
foramen ovale (o-VA-le). This blood has bypassed the right 
ventriele and the pulmonary circuit. Blood that does enter 
the right ventriele is pumped into the pulmonary artery. 
Although a small amount of this blood goes to the lungs, 
most of it shunts direetly into the systemie circuit through 
a small vessel, the ductus arteriosus, which eonneets the 
pulmonary artery to the deseending aorta. After traveling 
throughout fetal tissue, blood returns to the plaeenta to piek 
up oxygen through the two umbilical arteries. 

After birth, when the baby’s lungs are fimetioning, these 
adaptations begin to elose. The foramen ovale gradually 
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Day 0: Fertilization 


Day 4-5: Blastoeyst 


Blastoeyst 



Llterine 


Trophoblast eords 

(ehorion) 


Day 12: Implantation eomplete 


Endometrium 

Day 6-9: Implantation 


Figure 21-1 


Fertilization and implantation. KEY POINTThe union of ooeyte and sperm produces a zygote, 


which develops into a blastoeyst and implants into the endometrium.ZOOMING IN Where is the ovum fertilized? 


seals, and the various vessels eonstriet into fibrous eords, 
usually within minutes after birth (only the proximal parts 
of the umbilical arteries persist as arteries to the urinary 
bladder). 


ensEPOim 



21-1 How do Cole's red eells piek up oxygen while he is 
developing in utero? 


See the Student Resources on thePoint® to view the 
animation “Fetal Circulation ” 


H0RM0NES AND PREGNANCY 

Beginning soon after implantation, the blastoeyst produces 
the hormone human ehorionie gonadotropin (ko-re-ON-ik 
gon-ah-do-TRO-pin) (hCG). This hormone is very similar in 
structure to luteinizing hormone (LH), and like LH, it stimu- 
lates growth of the ovarian corpus luteum. The corpus luteum 
continues to grow and produce inereasing amounts of proges- 
terone and estrogen for about 11 or 12 weeks postfertilization, 
at which point it degenerates. It is hCG that is used in tests as 
an indieator of pregnaney. 

Progesterone is essential for the maintenanee of preg- 
naney. It promotes endometrial seeretions to nourish the 
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PERSPECTIVES 


Box 21-1 


Assisted Reproductive Teehnology: The “Art” of Conception 


At least one in 10 Ameriean couples is affeeted by infertility. 
Assisted reproductive teehnologies such as in vitro fertiliza- 
tion (IVF), gamete intrafallopian transfer (GIFT), and zygote 
intrafallopian transfer (ZIFT) ean help these couples beeome 
pregnant. 

In vitro fertilization refers to fertilization of an ovum 
outside the mother's body in a laboratory dish (in vitro 
means "in glass"). It is often used when a woman's uterine 
tubes are bloeked or when a man has a low sperm count. 
The woman partieipating in IVF is given hormones to cause 
ovulation of several ova.These are then withdrawn with a 
needle and fertilized with the father's sperm. After a few divi- 
sions,some of the fertilized ova are plaeed in the uterus,thus 
bypassing the uterine tubes. Additional fertilized ova ean be 
frozen to repeat the procedure in ease of failure or for later 
pregnaneies. 

GIFT ean be used when the woman has at least one nor- 
mal uterine tube and the man has an adequate sperm count. 


As in IVF,the woman is given hormones to cause ovulation of 
several ova, which are collected.Then,the ova and the father's 
sperm are plaeed into the uterine tube using a catheter.Thus, 
in GIFT, fertilization occurs inside the woman, not in a labora- 
tory dish. 

ZIFT is a eombination of both IVF and GIFT. Fertilization 
takes plaee in a laboratory dish, and then the zygote is plaeed 
into the uterine tube. 

Because of a laek of guidelines or restrietions in the 
Llnited States in the field of assisted reproductive teehnol- 
ogy, some problems have arisen.These issues eoneern the 
use of stored embryos and gametes, use of embryos with- 
out eonsent, and improper sereening for disease among 
donors. In addition,the implantation of more than one fer- 
tilized ovum has resulted in a high ineidenee of multiple 
births, even up to seven or eight offspring in a single preg- 
naney, a situation that imperils the survival and health of 
the babies. 



CHECKPOINTS 

□ 21-1 What structure is formed by the union of an ovum and a 

spermatozoon? 

□ 21-2 What structure nourishes the developing fetus? 

□ 21-3 What is the function of the umbilical eord? 

□ 21-4 Fetal circulation is adapted to bypass what organs? 

□ 21-5 What embryonie hormone maintains the corpus luteum 

early in pregnaney? 


embryo, maintains the endometrium, and deereases the 
uterine muscle’s ability to eontraet, thus preventing the 
embryo from being expelled from the body. During preg- 
naney, progesterone also helps prepare the breasts for milk 
seeretion. Estrogen promotes enlargement of the uterus and 
breasts. 

The plaeenta also seeretes hormones. By the llth or 
12th week of pregnaney, the corpus luteum is no longer 
needed; by this time, the plaeenta has developed the eapae- 
ity to seerete adequate amounts of progesterone and estro- 
gen, and the corpus luteum disintegrates. Misearriages (loss 
of an embryo or fetus) are most likely to occur during this 
eritieal time when hormone seeretion is shifting from the 
corpus luteum to the plaeenta. 

Human plaeental laetogen (hPL), also known as 
human ehorionie somatomammotropin, is another hor- 
mone seereted by the plaeenta during pregnaney, reaeh- 
ing a peak at term, the normal conclusion of pregnaney. 
This hormone stimulates growth of the breasts to prepare 
the mother for milk production, or laetation (lak-TA- 
shun). More importantly, it inereases glucose availabil- 
ity for the fetus by reducing glucose use by the mother’s 
tissues. 

Relaxin is a plaeental hormone that softens the eer- 
vix and relaxes the saeral joints and the pubic symphy- 
sis. These ehanges help widen the birth eanal and aid in 
birth. 


See the Student Resources on thePoint® for a summary 
ehart on plaeental hormones. 


DEVELOPMENT 0F THE EMBRYO 

The developing offspring is referred to as an embryo for 
the first eight weeks of life (Fig. 21-3), and the study of 
growth during this period is ealled embryology (em-bre- 
OL-o-je). The beginnings of all body systems are estab- 
lished during this time. The heart and the brain are among 
the first organs to develop. A primitive nervous system 
begins to form in the third week. The heart and blood ves- 
sels originate during the seeond week, and the first heart- 
beat appears during week 4 at the same time other muscles 
begin to develop. 

By the end of the first month, the embryo is approxi- 
mately 0.62 em (0.25 in) long with four small swellings at 
the sides ealled limb buds, which will develop into the four 
extremities. At this time, the heart produces a prominent 
bulge at the anterior of the embryo. 

By the end of the seeond month, the embryo takes on an 
appearanee that is reeognizably human. In male embryos, 
the primitive testes have formed and have begun to seerete 
testosterone, which will direet formation of the male repro- 
ductive organs as gestation continues. Figure 21-4 shows 
photographs of embryonie and early fetal development. 
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Figure 21-2 


exchange and waste removal for the fetus. A. The plaeenta.The plaeenta is formed by the maternal endometrium and fetal 
chorion.Exchanges between fetal and maternal blood occurthrough the eapillaries of the ehorionie villi.B. Fetal circulation 
During fetal life,speeialized vessels and openings shunt blood away from nonfunctioning lungs and toward the plaeenta. 
Colors show relative oxygen eontent of blood. ZOOMING IN What is signifìed by the purple eolor in this illustration? 


y 


A developing embryo is espeeially sensitive to harmful 
substances and poor maternal nutrition during this early 
stage of pregnaney when so many important developmental 
events are occurring. In Chapter 25, we discuss developmen- 
tal disorders that begin during embryologie development. 

DEVELOPMENT OF THE FETUS 

During the period of fetal development, from the beginning 
of the third month until birth, the organ systems continue 
to grow and mature. The ovaries form in the female early 


in this fetal period, and at this stage, they eontain all the 
primitive eells (ooeytes) that ean later develop into mature 
ova (eggs). 

For study, the entire gestation period may be divided into 
three equal segments or trimesters. The fetus’s most rapid 
growth occurs during the seeond trimester (months 4 to 6). 
By the end of the fourth month, the fetus is almost 15 em 
(6 in) long, and its external genitalia are sufficiently developed 
to reveal its sex. By the seventh month, the fetus is usually 
approximately 35 em (14 in) long and weighs approximately 
1.1 kg (2.4 lb). At the end of pregnaney, the normal length of 
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Development of an embryo and early fetus. 




Figure 21-4 


Human embryos at different stages and earlyfetus.KEY POINTThe embryonie stage lasts for 


the fìrst two months of pregnancy.Thereafter,the developing offspring is ealled a fetus. A. Implantation in uterus seven 
to eight days after eoneeption. B. Embryo at 32 days. C. At 37 days. D. At 41 days. E. Fetus between 12 and 15 weeks. 
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the fetus is 45 to 56 em (18 to 22.5 in), and the weight varies 
from 2.7 to 4.5 kg (6 to 10 lb). 

The amniotie (am-ne-OT-ik) sae, which is filled with a 
elear liquid known as amniotie fluid, surrounds the fetus and 
serves as a proteetive cushion for it (Fig. 21-5). The amni- 
otie sae ruptures at birth, an event marked by the eommon 
expression that the mother’s “water broke.” 

During development, the fetal skin is proteeted by a layer 
of eheeselike material ealled the vernix easeosa (VER-niks ka- 
se-O-sah) (literally, “eheesy varnish”). 

THE MOTHER 

The total period of pregnaney, from fertilization of the ovum 
to birth, is approximately 266 days, also given as 280 days or 
40 weeks from the last menstmal period (LMP). During this 
time, the mother must supply all the food and oxygen for the 
fetus and eliminate its waste materials. To support the additional 
demands of the growing fetus, the mother’s metabolism ehanges 
markedly, and several organ systems inerease their output: 


■ The heart pumps more blood to supply the needs of the 
uterus and the fetus. 

■ The lungs provide more oxygen and eliminate more ear- 
bon dioxide by inereasing the rate and depth of respiration. 

■ The kidneys excrete nitrogenous wastes from both the 
fetus and the mother. 

■ The digestive system supplies additional nutrients for 
the growth of maternal organs (uterus and breasts) and 
fetal growth, as well as for subsequent labor and milk 
seeretion. 

Nausea and vomiting are eommon diseomforts in early preg- 
naney. These most often occur upon arising or during peri- 
ods of fatigue and are more eommon in women who smoke. 
The speeifie cause of these symptoms is not known, but they 
may be due to the great ehanges in hormone levels that occur 
at this time. The nausea and vomiting usually last for only a 
few weeks to several months but may persist for the entire 
gestational period. 
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Figure 21-5 


Midsagittal seetion of a pregnant uterus with intactfetus.KEY POINTThe fetus is eontained 


in an amniotie sae fìlled with amniotie fluid. ZOOMING IN What structure eonneets the fetus to the plaeenta? 
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Urinary frequency and eonstipation are often pres- 
ent during the early stages of pregnaney and then usu- 
ally disappear. They may reappear late in pregnaney as 
the fetus’s head drops from the abdominal region down 
into the pelvis, pressing on the urinary bladder and the 
rectum. 


Ultrasound seans ean be used in obstetries to diag- 
nose pregnaney, judge fetal age, and determine the loeation 
of the plaeenta. The technique ean also show the pres- 
enee of excess amniotie fluid and fetal abnormalities (see 
Fig. 21-6B). 


THE USE OF ULTRASOUND IN OBSTETRKS 

Ultrasonography (ul-trah-son-OG-rah-fe) is a safe, pain- 
less, and noninvasive method for studying soft tissue. It has 
proved extremely valuable for monitoring pregnaneies and 
ehildbirth. 

An ultrasound image, ealled a sonogram , is made 
by sending high-frequency sound waves into the body 
(Fig. 21-6). Eaeh time a wave meets an interfaee between two 
tissues of different densities, an eeho is produced. An instrn- 
ment ealled a transdneer eonverts the refleeted sound waves 
into eleetrieal energy, and a computer is used to generate an 
image on a viewing sereen. 



CHECKPOINTS 



□ 21-6 At about what time in gestation does the heartbeat fìrst 

appear? 


□ 21-7 VVhat is the name of the fluid-filled sae that holds the 

fetus? 


□ 21-8 VVhat is the approximate duration of pregnaney in days 

from the time of fertilization? 


ehildbirth 

The exact meehanisms that trigger the beginning of uterine 

eontraetions for ehildbirth are still not eompletely known. 

Some fetal and maternal faetors that probably work in eombi- 

nation to start labor are: 

■ Stretehing of the uterine muscle stimulates production 
of prostaglandins which promote uterine eontraetions. 

■ Pressure on the cervix from the baby stimulates release 
of oxytocin (ok-se-TO-sin) from the posterior pituitary. 
Oxytocin stimulates uterine eontraetions, and the uter- 
ine muscle beeomes inereasingly sensitive to this hor- 
mone late in pregnaney. 

■ Changes in the plaeenta that occur with time may eon- 
tribute to the start of labor. 

■ Cortisol from the fetal adrenal cortex inhibits the moth- 
er’s progesterone production. inerease in the relative 
amount of estrogen as eompared to progesterone stimu- 
lates uterine eontraetions. 




Figure 21-6 


Sonography. KEY POINT Ultrasound is used 


to monitor pregnaney and ehildbirth. A. A sonogram is reeorded as 
a mother views her baby on the monitor. B. Sonogram of a pregnant 
uterus at 10 to 11 weeks showing the amniotie eavity (A) filled with 
amniotie fìuid.The fetus is seen in longitudinal seetion showing the 
head (H) and coccyx (C). 


POSITIVE FEEDBACK AND 0XYT0CIN 

The events that occur in ehildbirth involve positive feed- 
baek, a type of feedbaek meehanism we have not yet dis- 
cussed. Positive feedbaek is much less eommon than the 
negative feedbaek illustrated many times in previous ehap- 
ters. Whereas negative feedbaek reverses a eondition to bring 
it baek to a norm, positive feedbaek intensifies a response. 
(Think of a fist fight esealating among a group of people.) 
Aetivity continues until resources are exhausted, the stimulus 
is removed, or some outside foree interrupts the aetivity. (In 
our fight analogy, people tire, the original fighters are sepa- 
rated, or the poliee arrive to break things up!) The diagrams 
in Figure 21-7 eompare negative and positive feedbaek. 

During ehildbirth, for example, eervieal stretehing 
stirmilates the pituitary to release oxytocin. This hormone 
stimulates further uterine eontraetions. As eontraetions 
inerease in foree, the cervix is stretehed even more, caus- 
ing further release of oxytocin. The esealating eontraetions 
and hormone release eontimie until the baby is born and the 
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Figiire 21-7 


Comparison of positive and negative feedbaek. ( ^ KEY POINT A. Negative feedbaek maintains homeostasis, bringing 


ehanges baek to a norm. B. Positive feedbaek intensifies responses until the feedbaek loop is interrupted. 1 _ ZOOMING IN What possible 
forees ean stop a positive feedbaek system? 


stimulus is removed. Oxytocin in the form of the trade name 
drug Pitoein ean be used to hasten labor, as was about to 
happen in Amy’s ease study during ehildbirth. 


THE F0UR STAGES OF LABOR 

The proeess by which the fetus is expelled from the uterus is 
known as parturition (par-tu-RISH-un), or labor (Fig. 21-8). It 
is divided into four stages: 




Figure 21-8 


Stages of labor. The fìrst stage (A) begins with the onset of uterine eontraetions; the seeond stage 


(B,C) begins when the cervix is eompletely dilated and ends with birth ofthe baby;the third stage(D) includes 
expulsion of the afterbirth. A fourth stage (not shown) involves eontrol of bleeding and uterine eontraetions. 
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1. The first stage begins with the onset of regular uterine eon- 
traetions. With eaeh eontraetion, the cervix beeomes thinner 
and the eervieal eanal larger. Rupture of the amniotie sae 
may occur at any time, with a gush of fluid from the vagina. 

2. The seeond stage begins when the cervix is eompletely 
dilated and ends with the baby’s birth. This stage involves the 
passage of the fetus, usually head first, through the eervieal 
eanal and the vagina to the outside (see Fig. 21-8B and C). 
To prevent tissues of the pelvie floor from being torn during 
ehildbirth, as often happens, the obstetrieian may cut the 
mother’s perineum just before her infant is born; such an 
operation is ealled an episiotomy (eh-piz-e-OT-o-me). The 
area between the vagina and the anus that is cut in an episi- 
otomy is referred to as the surgical or obstetrieal perineum. 
(See Fig. 20-7 in Ohapter 20.) 

3. The tbird stage begins after the ehild is born and ends with 
the expulsion of the afterbirtb ; that is, the plaeenta, the 
membranes of the amniotie sae, and the umbilical eord, 
except for a small portion remaining attaehed to the baby’s 
umbilicus (um-BIL-ih-kus), or navel (see Fig. 21-8D). 

4. The fomtb stage begins after expulsion of the afterbirth 
and constitutes a period in which bleeding is eontrolled. 
Oontraetion of the uterine muscle aets to elose off the 
blood vessels leading to the plaeental site. If an episiotomy 
was performed, the obstetrieian now repairs this elean cut. 

m It ean be diffienlt to remember tbe stages of labor. 

Labor begins wben tbe nterine eontraetions are frequent and 

regnlar ; and ends after tbe bleeding is well eontrolled. 


See the Student Resources on thePoint®for information 
on birth assistants, midvvives, and doulas. 


CESAREAN SECTI0N 

A eesarean (se-ZAR-re-an) seetion (C seetion) is an ineision 
made in the abdominal wall and uterine wall through which 
the fetus is manually removed from the mother’s body. 
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A eesarean seetion may be required for a variety of reasons, 
including plaeental abnormalities; abnormal fetal position; 
disproportion between the head of the fetus and the moth- 
er’s pelvis that makes vaginal birth difficult or dangerous; 
and other problems that may arise during pregnaney and 
labor. 


MLILTIPLE BIRTHS 

Until reeently, statisties indieated that twins occurred in 
about one of every 80 to 90 births, varying somewhat 
in different countries. Triplets occurred much less fre- 
quently, usually onee in several thousand births, whereas 
quadruplets occurred very rarely. The birth of quintu- 
plets represented a historie event unless the mother had 
taken fertility drugs. Now these fertility drugs, usually 
gonadotropins, are given more eommonly, and the num- 
ber of multiple births has inereased signifieantly. Multiple 
fetuses tend to be born prematurely and therefore have 
a high death rate. However, better eare of infants and 
newer treatments have resulted in more living multiple 
births than ever. 

Twins originate in two different ways, and on this basis 
are divided into two types (Fig. 21-9): 

■ Fraternal twins, known as dizygotie twins , result from 
the fertilization of two different ova by two spermato- 
zoa. Two eompletely different individuals, as genetieally 
distinet from eaeh other as brothers and sisters of differ- 
ent ages, are produced. Eaeh fetus has its own plaeenta 
and surrounding amniotie sae. 

■ identieal twins, or monozygotie twins , develop from 
a single zygote formed from a single ovum fertilized 
by a single spermatozoon. Sometime during the early 
stages of development, the embryonie eells separate into 
two units. Usually, there is a single plaeenta, although 
there must be a separate umbilical eord for eaeh fetus. 
identieal twins are ahvays the same sex and earry the 
same inherited traits. 



Plaeenta 


Chorion 


Amnions 


Figure 21-9 


plaeenta? 


Twins. A. Fraternal (dizygotie) twins.B. identieal (monozygotie) twins. (j ZOOMING IN Which type oftwins shares a single 
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Other multiple births may be fraternal, identieal, or eombina- 
tions of these. The tendeney for multiple births seems to be 
hereditary. 

m Make sure tkat you ean distinguisb betiveen fraternal 
and identieal tivins. Eaeb tivin alivays bas its oivn umbili- 
eal eord, but monozygotie tivins develop from a single 
(mono-) zygote and are genetieally identieal. Dizygotie 
tivins develop from tivo (di-) zygotes and are genetieally 
distinet. 


PREGNANCY 0UTC0MES 

An infant born between 37 and 42 weeks of gestation is 
deseribed as a term infant. However, a pregnaney may 
end before its full term has been eompleted. The term live 
birth is used if the baby breathes or shows any evidenee 
of life such as heartbeat, pulsation of the rnnbilieal eord, 
or movement of voluntary muscles. Infants born before the 
37th week of gestation are eonsidered preterm. Often these 
babies have low birth weights of less than 2,500 g (5.5 lb) 
and are immature (premature) in development. They are 
subject to a number of medieal eonditions. The underlying 
causes of preterm labor are not well understood, but risk 
faetors include trauma, infeetions, poor maternal health, 
and ehronie health eonditions. 

Loss of the fetus is elassified aeeording to the duration 
of the pregnaney: 

■ The term abortion refers to loss of the embryo or fetus 
before the 20th week or weight of about 500 g (1.1 lb). 
This loss ean be either spontaneous or induced. 

■ Spontaneous abortion, eommonly known as a mis- 
earriage, occurs naturally with no interferenee. It is 
estimated that 22% of pregnaneies end in sponta- 
neous abortion. About 50% of these eases refleet a 
ehromosomal abnormality in the embryo or fetus. 
Other causes include the corpus luteum not seeret- 
ing enough progesterone; a structural abnormal- 
ity of the mother’s reproductive organs; and acute 
maternal infeetions or ehronie diseases. 

■ Induced abortion occurs as a result of deliberate 
interruption of pregnaney. A therapeutic abortion is 
an abortion performed by a physieian as a treatment 
for a variety of reasons. More liberal aeeess to this 
type of abortion has dramatieally reduced the inei- 
denee of death related to illegal abortion. 

■ The term fetal death refers to loss of the fetus after 
the 20th week of pregnaney. Stillbirth refers to the 
birth of an infant who is lifeless. The loss of a fetus 
often indieates an infeetion or interferenee with the 
fetal blood supply by eord eompression or plaeental 
failure. 

Immaturity is a leading cause of death in the newborn. After 
the 20th week of pregnaney, the fetus is eonsidered viable, that 
is, able to live outside the uterus. A fetus expelled before the 
24th week or before reaehing a weight of 1,000 g (2.2 lb) has 
little more than a 50% ehanee of survival; one born at a point 


eloser to the full 38 weeks of gestation stands a much better 
ehanee of living. However, inereasing numbers of immature 
infants are being saved because of advanees in neonatal 
intensive eare. 

Hospitals use the Apgar seore to assess a newborn’s 
health and prediet survival. Five features, such as respiration, 
pulse, ete., are rated as 0, 1, or 2 at one minute and five min- 
utes after birth. The maximum possible seore on eaeh test 
is 10. Infants with low seores require medieal attention and 
have lower survival rates. 


See the Student Resources on thePoinf for the Apgar 
seoring system. 


CHECKPOINTS 



□ 21-9 What pitiiitary hormone stimulates uterine 

eontraetions? 


21-10 What is parturition? 

21-11 During what stage of labor is the afterbirth expelled? 

□ 21-12 What surgical procedure is used to remove a fetus 

manually from the uterus? 

□ 21-13 What term deseribes a fetus able to live outside the 

uterus? 


The Mammary Glands and 
Laetation 

The mammary glands, eontained in the female breasts, are 
assoeiated organs of the reproductive system. They provide 
nourishment for the baby after its birth. The mammary glands 
are similar in eonstmetion to the sweat glands. Eaeh gland 
is divided into a nrnnber of lobes eomposed of glandular tis- 
sue and fat, and eaeh lobe is fiirther subdivided. Seeretions 
from the lobes are eonveyed through lactiferous (lak-TIF- 
er-us) ducts, all of which eonverge at the papilla (nipple) 
(Fig. 21-10). 

The mammary glands begin developing during puberty, 
but they do not beeome functional until the end of a preg- 
naney. As already noted, estrogen and progesterone during 
pregnaney help prepare the breasts for laetation, as do prolae- 
tin (PRL) from the anterior pituitary and plaeental laetogen 
(hPL). The first mammary gland seeretion is a thin liquid 
ealled eolostmm (ko-LOS-trum). It is nutritious but has a 
somewhat different eomposition from milk. Milk seeretion 
begins within a few days following birth and ean continue 
for several years as long as milk is frequently removed by the 
suckling baby or by pmnping. In another example of positive 
feedbaek, the nursing infant’s suckling at the breast promotes 
release of PRL, which aetivates the mammary glands’ seere- 
tory eells. Nursing also stimulates oxytocin release from the 
posterior pituitary. This hormone causes the milk ducts to 
eontraet, resulting in the ejeetion, or letdown , of milk. m So, 
prolaetin stimnlates milk syntbesis, but oxytocin stimnlates 
milk release. 
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Duct of Lactiferous 

lobe ducts 



Figure 21-10 


Seetion of the breast (mammary gland). 


( KEY POINTThe glands are divided into lobes eontaining milk 


ducts that eonverge at the nipple. 
underlies the breast? 



ZOOMING IN What muscle 


The newborn baby’s digestive traet is not ready for the 
usual adult mixed diet. Mother’s milk is more desirable for 
the young infant than milk from other animals for several 
reasons, some of which are listed below: 

■ infeetions that may be transmitted by foods exposed to 
the outside air are avoided by nursing. 

■ Both breast milk and eolostmm eontain mater- 
nal antibodies that help proteet the baby against 
pathogens. 

■ The proportions of various nutrients and other sub- 
stanees in human milk are perfeetly suited to the 
human infant, ehanging within a single feeding from 
a watery fluid that quenches the infant’s thirst to 
a fluid rieh in fat that satisfies the infant’s hunger. 
The eomposition of breast milk also ehanges over 
time as the infant grows. Substitutes are not exact 
imitations of human milk. Nutrients are present in 
more desirable amounts if the mother’s diet is well 
balaneed. 

■ The psyehologieal and emotional benefits of nursing 
are of infinite value to both the mother and the infant. 


CHECKPOINTS 



21-14 What are the ducts that earry milk out of the breast? 


21-15 What substance is seereted by the breast before milk 

production begins? 


Heredity 

We are often struck by the resemblanee of a baby to one or 
both of its parents, yet rarely do we stop to eonsider boiv vari- 
ous traits are transmitted from parents to offspring. This sub- 
jeet—heredity—has faseinated humans for thousands of years. 
The Old Testament eontains numerous referenees to heredity 
(although the word itself was unknown in aneient times). It 
was not until the 19th century, however, that methodieal inves- 
tigation into heredity was begun. At that time, an Austrian 
monk Gregor Mendel used garden peas to reveal a preeise pat- 
tern in the appearanee of eharaeteristies among parents and 
their progeny (PROJ-eh-ne), their offspring or deseendants. 
Mendel’s most important contribution to the understanding 
of heredity was the demonstration that there are independent 
units of heredity in the eells. Later, these independent units 
were given the name genes. 

GENES AND CHR0M0S0MES 

Genes are actually segments of DNA eontained in the thread- 
like ehromosomes within the nucleus of eaeh eell. (Only the 
mature red blood eell, which has lost its nucleus, laeks DNA.) 
Genes govern eells by eontrolling the manufacture of proteins, 
espeeially enzymes, which are neeessary for all the ehemieal 
reaetions that occur within the eell. They also eontain the 
information to make the proteins that constitute structural 
materials, hormones, and growth faetors. This is a good time 
to look baek at Chapter 3, which has details on ehromosomes, 
genes, and DNA (see Fig. 3-12). 

When body eells divide by the proeess of mitosis, the 
DNA that makes up the ehromosomes is replieated and dis- 
tributed to the daughter eells, so that eaeh daughter eell gets 
exactly the same kind and number of ehromosomes as were 
in the original eell (see Fig. 3-15). Eaeh ehromosome (aside 
from the Y ehromosome, which determines male sex) may 
earry thousands of genes, and eaeh gene earries the eode for 
a speeifie trait (eharaeteristie) (Fig. 21-11). These traits eon- 
stitute the physieal, bioehemieal, and physiologie makeup of 
every eell in the body (see Box 21-2 on modern studies of the 
human genetie makeup). 

In humans, every nucleated eell except the gametes 
(reproductive eells) eontains 46 ehromosomes. The ehromo- 
somes exist in pairs. One member of eaeh pair was reeeived 
at the time of fertilization from the offspring’s father, and 
one was reeeived from the mother. The paired ehromosomes, 
except for the pair that determines sex, are alike in size 
and appearanee. Thus, eaeh body eell has one pair of sex 
ehromosomes and 22 pairs (44 ehromosomes) that are not 
involved in sex determination and are known as autosomes 
(AW-to-somes). 

The paired autosomes earry the genes for a speeifie trait 
at the same physieal loeations, but they might have different 
versions of that gene ( ’'ig. 21 -1 ). The alternative forms of a 
given gene have slightly different DNA sequences and eneode 
variants of a trait (e.g., curly vs. straight hair). Eaeh version 
of a speeifie gene is ealled an allele (al-LEEL). j Be earefiil 
not to eonfnse alleles with antosomes. 
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X ehromosome 



Duchenne type 
muscular dystrophy 


-Agammaglobulinemia 
(immunoglobulin defieieney) 


“^Hemophilia B 

=j-Fragile X (mental retardation) 
-^Hemophilia A 
Red-green eolor blindness 


Genes and ehromosomes. (j KEY POINT 


Figure 21-11 


Genes are segments of DNA loeated at speeifìe sites on a 
ehromosome.This fìgure shows some genes on the X ehromosome 
relevant to different diseases. 


DOMINANT AND RECESSIVE ALLELES 

Because our ehromosomes are paired, we have two alleles 
for every gene. When both the alleles for a trait are the 
same, the alleles are said to be homozygous (ho-mo-ZI- 
gus); if they are different, they are deseribed as heterozy- 
gous (het-er-o-ZI-gus). The eoneept of dominanee explains 
how the two alleles interaet to determine a particular trait. 
A dominant allele is one that expresses its effeet in the 
eell regardless of the identity of the other allele. The allele 
needs to be reeeived from only one parent for the trait to be 
expressed in the offspring. 


The effeet of a reeessive allele is not evident unless its 
paired allele on the matehing ehromosome is also reeessive. 
Thus, a reeessive trait appears only if the reeessive gene ver- 
sions for that trait are reeeived from both parents. A simple 
test, often done in biology labs to study genetie inheritanee, is a 
test for the ability to taste phenylthioearbamide (PTC), a harm- 
less organie ehemieal not found in food. The ability to deteet 
PTC’s bitter taste is inherited as a dominant allele. Inability to 
taste it is earried by a reeessive allele. Thus, nontasting appears 
in an offspring only if alleles for nontasting are reeeived from 
both parents. A reeessive trait only appears if a person’s alleles 
are homozygous for that trait. In eontrast, a dominant trait 
will appear whether the alleles are homozygous (both domi- 
nant) or heterozygous (one of eaeh) because a dominant allele 
is always expressed if it is present. 

Any eharaeteristie that ean be observed or ean be tested 
for is part of a person’s phenotype (FE-no-tipe). Eye eolor, 
for example, ean be seen when looking at a person. Blood 
type is not visible but ean be determined by testing and is 
also a part of a person’s phenotype. When someone has the 
reeessive phenotype, his or her genetie makeup, or genotype 
(JEN-o-tipe), is obviously homozygous reeessive. When a 
dominant phenotype appears, the person’s genotype ean 
be either homozygous dominant or heterozygous, as noted 
above. Only genetie studies or family studies ean reveal 
which it is. 

A reeessive allele is not expressed if it is present in a eell 
together with a dominant allele. However, the reeessive allele 
ean be passed onto offspring and may thus appear in future 
generations. An individual who shows no evidenee of a trait 
but has a reeessive allele for that trait is deseribed as a ear- 
rier of the gene. LJsing genetie terminology, that person shows 
the dominant phenotype but has a heterozygous genotype for 
that trait. Using our PTC tasting example, a taster might be a 
earrier for the nontasting allele and could pass it on to his or 
her ehildren. m Carriers exist for reeessive traits but not for 
dominant traits. 



HOT TOPICS 

The Human Genome Projeet: Reading the Book of Life 


Box 21-2 


Paeked tightly in nearly every one of your 
body eells (except the red blood eells) 
is a eomplete eopy of your genome—the 
genetie instructions that direet all of your cellular 
aetivities. Written in the language of DNA, these instmetions 
eonsist of genes pareeled into 46 ehromosomes that eode for 
proteins. In 1990, a consortium of seientists from around the 
world set out to eraek the genetie eode and read the human 
genome, our "book of life."This monumental task, ealled the 
Human Genome Projeet, was eompleted in 2003 and suc- 
eeeded in mapping the entire human genome—3 billion DNA 
base pairs arranged into about 20,000 to 25,000 genes. Now, 
seientists ean pinpoint the exact loeation and ehemieal eode 
of every gene in the body. 


The human genome was deeoded using a technique ealled 
sequencing. Samples of human DNA were fragmented into 
smaller pieees and then inserted into baeteria. As the baeteria 
multiplied,they produced more and more eopies of the human 
DNA fragments, which the seientists extracted.The DNA eopies 
were loaded into a sequencing maehine eapable of "reading" the 
string of DNA nucleotides that eomposed eaeh fragment.Then, 
using computers, the seientists put all of the sequences from 
the fragments baek together to get the entire human genome. 

Now, seientists hope to use all these pages of the book 
of life to revolutionize the treatment of human disease. The 
information obtained from the Human Genome Projeet may 
lead to improved disease diagnosis, new drug treatments, and 
even gene therapy. 
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C7\SEP0INTS 



21-2 Siekle eell anemia is a reeessive trait. How many alleles 
for the siekle eell trait does Cole have? 

21-3 How would you deseribe his genotype for that trait? 

21-4 Neither of Cole's parents has siekle eell anemia.How 
would you deseribe their genotypes for siekle eell 
disease? 


DISTRIBLITION OF CHR0M0S0MES TO 
OFFSPRING 

The reproductive eells (ova and spermatozoa) are produced 
by a speeial proeess of eell division ealled meiosis (mi-O-sis) 
(Fig. 21-12). This proeess divides the ehromosome number 
in half, so that eaeh reproductive eell has 23 ehromosomes 
instead of the 46 in other body eells. The proeess of meio- 
sis begins, as does mitosis, with replieation of the ehromo- 
somes (see Fig. 3-15 in Chapter 3). Then, these duplicated 
ehromosomes line up aeross the eenter of the eell. However, 
instead of a random distribution of the 46 ehromosomes, 
as occurs in mitosis, the ehromosome pairs line up at the 
eenter of the eell (see Fig. 21-12). The first meiotie division 
(meiosis I) distributes the two members of eaeh ehromo- 
some pair into separate eells. Then, a seeond meiotie divi- 
sion (meiosis ii) separates the strands of the duplicated 
ehromosomes and distributes eaeh strand to an individual 
gamete. In the end, eaeh gamete reeeives one eopy of 23 
different ehromosomes, eaeh representing one member of a 
ehromosome pair. 

Remember that for eaeh ehromosome pair, one ehro- 
mosome was originally inherited from the father and one 
from the mother. It is very important to note that the 
separation of the ehromosome pairs occurs at random, 
meaning that eaeh gamete reeeives a mixture of maternal 
and paternal ehromosomes. This reassortment of ehromo- 
somes in the gametes leads to inereased variety within the 
population. (In a human eell with 46 ehromosomes, the 
ehanees for varying eombinations are much greater than 
in the example shown in Fig. 21-12.) Thus, ehildren in a 
family resemble eaeh other, but no two look exactly alike 
(unless they are identieal twins), because eaeh gamete eon- 
tained a unique assortment of ehromosomes from all four 
of their grandparents. 

9 Meiosis is a difficult eoneept for many students, so take 
time to study Figure 21-12. At the end of this complex pro- 
eess, eaeh reprodnetive eell eontains 22 antosomes and 1 sex 
ehromosome. 


See the Student Resources on thePoinf for a figure 
on meiosis in male and female gamete formation. 


PLINNETT SQUARES 

Genetieists use a grid ealled a Punnett square to show all the 
eombinations of alleles that ean result from a given parental 
eross, that is, a mating that produces offspring (Fig. 21-13). 
In these calculations, a eapital letter is used for the dominant 
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Duplication of ehromosomes 




Paired ehromosomes 



Meiosis 

Paired 



Gametes 


Meiosis. KEY POINT Meiosis halves the 


Figure 21-12 


ehromosome number in formation of gametes. Because the proeess 
begins with ehromosome replication,two meiotie divisions are 
needed,fìrst to reduce the ehromosome number and then to 
separate the duplicated strands.The example shows a eell with a 
ehromosome number of four, in eontrast to a human eell, which has 
46 ehromosomes. f j ZOOMING IN How many eells are produced 
in one eomplete meiosis? 


allele, and the reeessive allele is represented by the lower 
ease of the same letter. For example, if T represents the allele 
for the dominant trait PTC taster, then t would be the reees- 
sive allele for nontaster. In the offspring, the genotype TT is 
homozygous dominant and the genotype Tt is heterozygous, 
both of which will show the dominant phenotype taster. 
The homozygous reeessive genotype tt will show the reees- 
sive phenotype nontaster. 

A Punnett square shows all the possible gene eombina- 
tions of a given eross and the theoretieal ratios of all the 
genotypes produced. For example, in the eross shown in 
Figure 21-13 between two heterozygous parents, the theo- 
retieal ehanees of producing a baby with the genotype TT 
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Figure 21-13 


A Punnett square. (j KEY POINT Genetieists 


use this grid to show all the possible eombinations of a given eross, 
in this case,Tt xTt. (j ZOOMING IN What pereentage of ehildren 
from this eross will show the reeessive phenotype? What pereentage 
will be heterozygous? 


are 25% (one in four). The ehanees of producing a baby 
with the genotype of tt and the reeessive phenotype non- 
taster are also 25%. The ehanees of producing heterozygous 
Tt offspring for this trait are 50% (two in four). In all, 75% 
of the offspring will have the dominant phenotype taster, 
because they have at least one dominant gene for the trait. 
In Cole’s ease, because siekle eell anemia is determined by a 
reeessive allele, there was a 25% ehanee that he would have 
that disorder, because both his parents are earriers of the 
allele. If his parents have other ehildren, the risk is the same 
with eaeh birth. 

In real life, genetie ratios may differ from the theoretieal 
predietions, espeeially if the number of offspring is small. For 
example, the ehanees of having a male or female baby are 
50/50 with eaeh birth for reasons explained shortly, but a 
family might have several girls before having a boy, and viee 
versa. The ehanees of seeing the predieted ratios improve as 
the number of offspring inereases. 


e7\SEP0INTS 



21-5 When Jada's gametes underwent meiosis, when did the 
siekle eell allele separate from the normal allele? 

21-6 Based on predieted ratios, what pereentage of 

ehildren in Cole's family will be earriers of the siekle 
eell allele? What pereentage will neither have siekle 
eell anemia nor be able to pass the reeessive allele 
to offspring? 


SEX DETERMINATION 

The two ehromosomes that determine the offspring’s sex, 
unlike the autosomes (the other 22 pairs of ehromosomes), 
are not matehed in size and appearanee. The female X ehro- 
mosome is larger than most other ehromosomes and earries 
genes for other eharaeteristies in addition to that for sex. The 
male Y ehromosome is smaller than other ehromosomes and 
mainly determines sex. A female has two X ehromosomes in 
eaeh body eell; a male has one X from his mother and one Y 
from his father. 

By the proeess of meiosis, eaeh sperm eell reeeives either 
an X or a Y ehromosome, whereas every ovum reeeives 
only an X ehromosome (Fig. 21-14). If a sperm eell with an 
X ehromosome fertilizes an ovum, the resulting infant will be 
female; if a sperm with a Y ehromosome fertilizes an ovum, 
the resulting infant will be male. 


Parents 


Father Mother 


Sex 

ehromosomes 




XX 



Gametes 







Possible offspring 









Female 




Female 


XY 



Sex determination. (j KEY POINT If an X 


Figure 21-14 


ehromosome from a male unites with an X ehromosome from a 
female,the ehild is female (XX); if a Y ehromosome from a male 
unites with an X ehromosome from a female,the ehild is male (XY). 
(j ZOOMING IN What is the expected ratio of male to female 
offspring in a family? 
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SEX-LINKED TRAITS 

Any trait that is earried on a sex ehromosome is said to be sex 
linked. Because the Y ehromosome earries few traits aside from 
sex determination, most sex-linked traits are earried on the X 
ehromosome and are best deseribed as X-linked. Examples are 
hemophilia, eertain forms of baldness, and red-green eolor 
blindness. 

Sex-linked traits appear almost exclusively in males. 
The reason for this is that most of these traits are reeessive, 
and if a reeessive allele is loeated on the X ehromosome in 
a male, it eannot be masked by a matehing dominant allele. 
(Remember that the Y ehromosome with which the X ehro- 
mosome pairs is very small and earries few genes.) Thus, a 
male who has only one reeessive allele for a trait will exhibit 
that eharaeteristie, whereas a female must have two reeessive 
alleles to show the trait. The female must inherit a reeessive 
allele for that trait from eaeh parent and be homozygous 
reeessive in order for the trait to appear. The daughter of a 
man with an X-linked disorder is always at least a earrier 
of the allele for that disorder, because a daughter always 
reeeives her father’s single X ehromosome. So, for exam- 
ple, if you are female and your father is eolor blind, then 
eaeh of your sons will have a 50/50 ehanee of being eolor 
blind. See Figure 21-15 for an example of sex-linked inheri- 
tanee, illustrating a mateh between a normal male and a 
earrier female. 







Normal male 


Color-blind male 



Normal female Carrier female 


Figure 21-15 


inheritanee of sex-linked traits . f ^ KEY POINT 


Sex-linked traits, such as eolor blindness, are eneoded by genes 
on the X ehromosome.This Punnett square illustrates the mating 
between a normal male and a female carrier.The"R"superscript is 
the dominant (normal) allele,and the"r"superscript represents the 
reeessive allele for eolor blindness. (j ZOOMING IN What is the 
genotype of a earrier female? 


CHECKPOINTS 



21-16 What is a gene? What is a gene made of? 

□ 21-17 What term deseribes a gene that always expresses its 

effeet? 

o 21-18 What is the differenee between a genotype and a 

phenotype? 


o 21-19 What is the proeess of eell division that forms the 

gametes? 


o 21-20 Human body eells have 46 ehromosomes. How many 

ehromosomes are in eaeh gamete? 


o 21-21 What sex ehromosome eombination determines a 

female? A male? 

o 21-22 What term deseribes a trait earried on a sex 

ehromosome? 


Hereditary Traits 

Some observable hereditary traits are skin, eye, and hair eolor 
and faeial features. Also influenced by geneties are less elearly 
defined traits, such as weight, body build, life span, and sus- 
eeptibility to disease. 

Some human traits, including the traits involved in many 
genetie diseases, are determined by a single pair of genes; 
most, however, are the result of two or more gene pairs aet- 
ing together in what is termed multifactorial inheritanee. 
This type of inheritanee accounts for the wide range of varia- 
tions within populations in such eharaeteristies as eoloration, 
height, and weight, all of which are determined by more than 
one pair of genes. 


GENE EXPRESSI0N 

The effeet of a gene on a person’s phenotype may be influ- 
eneed by a variety of faetors, including the individual’s sex 
or the presenee of other genes. For example, the genes for 
eertain types of baldness may be inherited by either males 
or females, but the traits appear mostly in males under the 
effeets of male sex hormone. Gene expression also varies 
during development and aging. For instanee, there are actu- 
ally two hemoglobin genes. One gene is expressed in the 
fetus, and a different gene is expressed after birth. Only this 
so-ealled adult gene is affeeted in siekle eell anemia, so Cole 
had normal blood eells before birth. See Box 21-3 to read 
about a possible treatment for Cole’s disorder involving the 
fetal hemoglobin gene. 

Environment also plays a part in gene expression. For 
example, a person might inherit the dominant gene for freek- 
les, but the freekles appear only when the skin is exposed 
to sunlight. In the ease of multifactorial inheritanee, gene 
expression might be quite complex. You inherit a potential 
for a given size, for example, but your actual size is addi- 
tionally influenced by such faetors as nutrition, development, 
and general state of health. The same is true of life span and 
susceptibility to diseases. 
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Box 21 -3 




The Proof is in the Statisties 


Cole,the subject of the ease study,faces a 
lifetime of treatments and a shortened life 
expectancy as a result of his siekle eell anemia. However, seien- 
tists are working on a cure—gene therapy. Siekle eell patients 
have a normal fetal hemoglobin gene. This gene is normally 
inaetive, or sileneed, in all adults. One type of gene therapy 
interferes with the sileneing proeess, so the fetal hemoglobin 
gene is fully expressed and guides the production of func- 
tional hemoglobin. 

How ean we tell if the therapy works?The answer lies in statis- 
ties. Statisties tell us whether an apparent differenee between the 
eontrol group and the experimental group could have arisen by 
ehanee.This box presents results of a study in miee with a siekle 
eell disorder. Seientists may ehoose to present their results in a 
table or in a graph, so this box provides strategies to interpret 
both. 


QUESTION 

Is gene therapy effeetive in miee with siekle eell disorder? If so, 
which blood parameters are improved? 


ANSVVER 

Step 1. Look at the mean values. The mean (average) value 
for eaeh group ean be determined by adding up all of the 
individual values and then dividing by the number of individ- 
uals. In the table below, the mean of eaeh value is the num- 
ber before the plus or minus (±) sign. In the graphs,the mean 
is represented by the size of eaeh column. Consider fìrst the 
hematoerit, which indieates the proportion of red eells in the 
blood. We ean see that the hematoerit is much lower in the 
SCD miee (28.3%) than in the normal miee (44.2%) or in the 
SCD miee reeeiving the therapy (46.2%). This fìnding indi- 
eates that fewer red blood eells are destroyed in the treated 
miee.A similar trend ean be seen for the average hemoglobin 
eontent (MCH), but the differenees are much smaller. 


Step 2. Look at the error bars. The error bars in the graphs 
are the small blaek braekets at the top of eaeh column.They 
usually represent a value ealled the stondord error ofthe meon 
(SEM), which measures the amount of variation in the data 
from eaeh group.The SEM is the number after the ± sign in the 
table. For example, the SEM would be very large if individual 
values in a group were 5,10, and 15, and very small if the indi- 
vidual values were 9,10,and 11 (but the means would be iden- 
tieal). A large SEM ean indieate that the study did not eontrol 
enough variables, or it ean simply indieate that the parameter 
varies eonsiderably in the studied population.Compared with 
the size of the columns,the errors bars are quite small in panel 
B but very large in panel C. 

Step 3. Look for signifìeanee valiies. A signifìeanee value, 
such as P < 0.05, indieates the probability that the differenee 
between the two groups could have arisen by ehanee (in this 
ease, <5%). Generally, a signifìeanee value (also known as a 
P value) above 0.05 indieates that the differenee between the 
two groups is not signifìeant. In other words, it shows that 
the treatment did not signifieantly alter the studied param- 
eter.Tables and graphs often use one or more asterisks (*) to 
highlight signifìeant differenees. Graph B shows a signifìeant 
differenee in hematoerit between the SCD miee and the SCD+ 
gene therapy. The legend informs us that the probability of 
this differenee arising by ehanee is less than 0.001%! We do 
not see a signifkant differenee in MCH between the two SCD 
groups. 

Step 4. Draw conclusions. Our analysis suggests that gene 
therapy ean restore the hematoerit of siekle eell miee to nor- 
mal levels.The therapy did not alter the hemoglobin eontent 
of individual eells,so it must have inereased the number of red 
blood eells. 


See the bonus question in ehapter 21 of the study guide for 
more praetiee interpreting seientifìe studies. 


A 


Miee 

Het (%) 

Average Hb 
content/RBC 
(MCH, pg) 

Normal (eontrol) 

44.2 ± 1.0 

13.0 ± 0.4 

Siekle-eell disorder 

28.3 ± 1.9 

12.3 ± 0.6 

Siekle-eell disorder 
+ gene therapy 

46.2 ± 1.4 ** 

13.8 ± 0.2 
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Blood parameters of normal miee, siekle eell 
disease (SCD) mice,and SCD miee treated with 
gene therapy. All values represent means ± 
standard error of the mean (SEM). A. ehanges 
in hematoerit (Het) and average hemoglo- 
bin (Hb) eontent per red blood eell (mean 
corpuscular hemoglobin). **, 


e 


Normal 


SCD 


SCD + Gene 
therapy 


**, P < 0.00001, 

eompared with SCD miee. B. Hematoerit 
values. **, P < 0.00001. C. Mean corpus- 
cular hemoglobin. Data taken from: Xu P. 
et al.Correction of siekle eell disease in adult 
miee by interferenee with fetal hemoglo- 
bin sileneing. Redravvn from data in Seienee, 
November 18,2011 ,'334:993-996. 
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We should also note here that dominanee is not always 
elear cut. Sometimes, dominant alleles are expressed 
together as eodominanee. Take the inheritanee of blood 
type, for example. Alleles for type A and type B are domi- 
nant over O. A person with the genotype AO is type A; a 
person with the genotype BO is type B. However, neither 
A nor B is dominant over the other. If a person inherits an 
allele for both A and B, his or her blood type is AB. Also, 
a person heterozygous for a eertain trait may show some 
intermediate expression of the trait. The term for this type 
of gene interaetion is ineomplete dominanee. Siekle eell ane- 
mia, for example, is determined by a reeessive allele of the 
adult hemoglobin gene. However, a heterozygous earrier 
may have symptoms of siekle eell anemia when blood oxy- 
gen eoneentrations are low. 


GENETK MIITATION 

Any ehange in a gene or a ehromosome is termed a genetie 
mutation (mu-TA-shun). Mutations may occur spontane- 
ously or may be induced by some agent, such as ionizing 
radiation or a ehemieal, deseribed as a mutagen (MU-tah- 
jen) or nmtagenie agent. Often, small ehanges in gene 
sequence occur as eopying errors during DNA synthesis. 
Larger mutations, in which portions of a ehromosome 
or entire ehromosomes are gained or lost, often occur 
during meiosis as ehromosomes eome together, reassort, 
and get distributed to two new eells. The long, thread- 
like ehromosomes ean intertwine and exchange segments 
(Fig. 21-16). Sometimes these exchanges are equivalent, 
and the total genetie material remains normal, but some- 
times genes are damaged or there is a loss, duplication, 
or rearrangement of the genetie material. These ehanges 
may involve a single gene, a portion of a ehromosome, or 
whole ehromosomes. 

If a imitation occurs in an ovum or a spermatozoon, 
the altered trait may be inherited by an offspring. The vast 
majority of harmful mutations are never expressed because 
the affeeted fetus dies and is spontaneously aborted. Most 
remaining mutations are so inconsequential that they have 
no deteetable effeet. Benefieial mutations, on the other 
hand, tend to survive and beeome inereasingly eommon as 
a population evolves. 



Figure 21-16 


Genetie exchange. 



KEY POINTIn meiosis, 


ehromosomes tangle and exchange seetions.These exchanges may 
be equal, maintaining a normal genetie makeup.They may also result 
in losses or duplications known as mutations. 


MITOCHONDRIAL INHERITANCE 

Although we have emphasized the nucleus as the repository 
of genetie material in the eell, the mitoehondria also eon- 
tain some hereditary material. Mitoehondria, you will reeall, 
are the eells’ powerhouse organelles, eonverting the energy 
in nutrients into ATP. Because mitoehondria were separate 
organisms early in the evolution of life and later merged with 
other eells, they have their own DNA and multiply indepen- 
dently. Mitoehondrial DNA ean mutate, as does nuclear DNA, 
and disease ean be the result. Such diseases ean cause serious 
damage to metabolieally aetive eells in the brain, liver, muscles, 
kidneys, and endoerine organs. These mitoehondrial genes are 
passed only from a mother to her sons and daughters because 
almost all the eytoplasm in the zygote is contributed by the 
ovum. Because these eells must be smaller and lighter, the 
head of the spermatozoon earries very little eytoplasm and no 
mitoehondria. 


CHECKPOINTS 



□ 21-23 VVhat is a mutagen? 

□ 21-24 From which parent does a ehild get mitoehondrial 

genes? 
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A & B in Aetion Revisited 


The 7\rmstrongs Visit a Qenetic Counselor 


Ms. darkson, a genetie counseLor at the hospital where 
CoLe was born, met with Jada and CarL Later in the year 
to expLain again the inheritanee of their son's disorder. 

yy You eaeh earry a reeessive siekLe eeLL gene for 
abnormaL hemogLobin, and by pure ehanee, CoLe inher- 
ited that gene from eaeh of you, Leading to his disor- 
der," Ms. CLarkson expLained. 

yy Where did this gene eome from?" Jada asked. 
yy And wiLL aLL of our ehiLdren have this disease? ShouLd 
we stop here with our famiLy?" 

yy Not neeessariLy," said Ms. CLarkson. yy A muta- 
tion might have arisen in either of your reproductive 
eeLLs, but more LikeLy this trait has been earried some- 
where in your famiLies. We ean try to deveLop a famiLy 


pedigree, asking if there have been any reLatives with 
unexpLained iLLness in the past, but Dr. Hoffman has 
aLready reported that your bLood tests eonfirm that you 
are both earriers." 

yy So how do the pereentages work for future ehiL- 
dren?" CarL asked. 

yy WeLL, there's a one-in-four ehanee that any of your 
ehiLdren wiLL have siekLe eeLL anemia," the counseLor 
said. yy But a quarter wiLL be totaLLy free of the muta- 
tion, and haLf wiLL be earriers, having what is eaLLed 
siekLe eeLL trait. Those pereentages appLy for eaeh 
birth. FortunateLy, there's a prenataL test for siekLe eeLL 
disease, and you ean ehoose to make famiLy deeisions 
based on those resuLts." 
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Chapter Wrap-Up 


Summary 0verv1ew 

A detailed ehapter outline with spaee for note taking is on tbePoint. The figure below illustrates the main topies 
eovered in this ehapter. 





Genes and 
ehromosomes 


PRL 



-Oxytocin 
- Positive feedbaek 
L Breast-feeding benefits 


Positive 

feedbaek 


Oxytocin 



- LJterine eontraetions 

- Birth 

- Expulsion of 

afterbirth 

- Oontrol of 

bleeding 


- Fraternal 
L identieal 


- Live birth 

- Abortion 

- Fetal death 


Dominant and 
reeessive alleles 


Ohromosome 

distribution 

-Meiosis 
L Punnett square 



-XX 

L XY 



Oharaeteristies 

Examples 








-Fertilization 

-Umbilical 

- hCG 

- Embryonie 

l-lmplantation 

eord 

- Progesterone 

- Fetal 


- Fetal 

- Estrogen 



circulation 

- hPL 



Metabolie 

ehanges 

Oommon 

diseomforts 


Relaxin 


Ultrasound 
in obstetries 
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Key Terms 

The terms listed below are emphasized in this ehapter. Knowing them will help you organize and prioritize your 
learning. These and other boldfaee terms are defined in the Glossary with phonetie pronunciations. 


abortion 

embryo 

human ehorionie gonadotro- 

plaeenta 

allele 

fertilization 

pin (hCG) 

progeny 

amniotie sae 

fetus 

implantation 

reeessive 

autosome 

gene 

laetation 

sex-linked 

earrier 

genetie 

meiosis 

trait 

ehorion 

genotype 

mutation 

umbilical eord 

ehromosome 

gestation 

obstetries 

zygote 

colostrum 

heredity 

oxytocin 


decidua 

heterozygous 

parturition 


dominant 

homozygous 

phenotype 



Word Anatomy 

Medieal terms are built from standardized word parts (prefixes, roots, and suffixes). Learning the meanings of 
these parts ean help you remember words and interpret unfamiliar terms. 


WORD PART 

MEANING 

EXAMPLE 

Pregnaney 

ehori/o 

membrane, ehorion 

Human ehorionie gonadotropin is produced by the ehorion (outermost 
eells) of the embryo. 

somat/o 

body 

Human ehorionie somatomammotropin eontrols nutrients for the body 
and aets on the mammary glands (mamm/o). 

zyg/o 

joined 

An ovum and spermatozoon join to form a zygote. 

ehildbirth 

ox/y 

sharp, acute 

Oxytocin is the hormone that stimulates labor. 

toe/o 

labor 

See preeeding example. 

The Mammary Glands and Laetation 

laet/o 

milk 

The laetiferons ducts earry milk from the mammary glands. 

mamm/o 

breast, mammary gland 

A mammogram is radiographie study of the breast. 

Genes and Ghromosomes 

aut/o- 

self 

Antosomes are all the ehromosomes aside from the two that determine 

sex. 

ehrom/o 

eolor 

ehromosomes eolor darkly with stains. 

heter/o 

other, different 

Heterozygons paired genes (alleles) are different from eaeh other. 

homo- 

same 

Homozygons paired genes (alleles) are the same. 

phen/o 

to show 

Traits that ean be observed or tested for make up a person’s phenotype. 

Hereditary Traits 

multi- 

many 

Mnltifaetorial traits are determined by multiple pairs of genes. 
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Questíons for Study and Review 

BLÍILDING LINDERSTANDING 

Fill in the Blanks 

1. Following ovulation, the mature folliele beeomes 

the_. 

2. The first mammary gland seeretion is ealled_, 

3. The basie unit of heredity is a(n)_. 


4. Chromosomes not involved in sex determination are 

known as_. 

5. The mimber of ehromosomes in eaeh human body 
eell is 


Matehing > Mateh eaeh numbered item with the most elosely related lettered item. 

_ 6 . An embryonie hormone that stimulates the ovaries to seerete progesterone 

_ 7. A plaeental hormone that regulates maternal blood nutrient levels 

_ 8 . A plaeental hormone that softens the cervix to widen the birth eanal 

_ 9. A pituitary hormone that stimulates uterine eontraetions 

_ 10. A pituitary hormone that stimulates maternal milk production 


a. human plaeental laetogen 

b. prolaetin 
C. oxytocin 

d. relaxin 

e. human ehorionie gonadotropin 


Mnltiple Choice 

_ 11. What is a mornla? 

a. a ball of identieal eells formed from a zygote 

b. the fetal portion of the plaeenta 

C. the vessel that earries blood from the embryo to 
the plaeenta 

d. an abnormality of the plaeenta 
_ 12. What is an aerosome? 

a. the eheeselike material that proteets fetal skin 

b. the hollow structure that implants in the uterine 
lining 

C. the enzyme-releasing eap over the head of a 
spermatozoon 

d. a small vessel that bypasses the liver in fetal 
circulation 

_ 13. How long is the average total period of gestation 

from fertilization to birth? 

a. 30 weeks 

b. 38 weeks 
C. 40 weeks 
d. 48 weeks 


14. With regard to identieal twins, which statement is 
ineorreet? 

a. They develop from a single zygote. 

b. They share one umbilical eord. 

C. They are ahvays the same sex. 

d. They earry the same inherited traits. 

15. What do genes eode for? 

a. earbohydrates 

b. lipids 

C. proteins 
d. eleetrolytes 

16. What term deseribes versions of a gene for a given 
trait? 

a. ehromosomes 

b. ribosomes 
C. nucleotides 
d. alleles 
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LINDERSTANDING CONCEPTS 

17. Deseribe the fimetion and structure of the plaeenta, 
including the terms for its maternal and fetal portions. 

18. Deseribe some of the events thought to initiate labor. 

19. What is the major event of eaeh of the four stages of 
parturition? 

20. List several reasons why breast milk is benefieial for the 
baby. 

21. Deseribe the proeess of meiosis, and explain how it 
results in genetie variation. 

22. Dana has one dominant allele for freekles (F) and 
one reeessive allele for no freekles (f). What is Dana’s 
genotype? What is her phenotype? 

CONCEPTUAL THINKING 

25. Why is the risk of misearriage highest at week 12 of 
pregnaney? 

26. Although it is strongly suggested that a woman avoid 
harmful substances (like aleohol) during her entire 
pregnaney, why is this adviee particularly important 
during the first trimester? 

27. In the proeess of blood elotting, platelets adhere to 
damaged tissue and release ehemieals that attraet more 
platelets. This continues until a elot is formed and other 
blood faetors stop the proeess. What type of eontrol 
meehanism does this represent? Give two other examples 
of this type of aetion. 


23. Explain the great variation in the eolor of skin and hair 
in humans. 

24. Compare and eontrast the following terms: 

a. embryo and fetus 

b. umbilical arteries and umbilical vein 
C. fertilization and implantation 

d. genotype and phenotype 

e. dominant and reeessive genes 

f. homozygous and heterozygous genotypes 


28. Ms. Clarkson, the genetie counselor, is explaining to Cole’s 
parents the ehanees that any future ehildren of theirs will 
have siekle eell anemia. Show how she explains these 
pereentages using a Punnett square. Use S for the normal 
hemoglobin allele and s for the abnormal hemoglobin allele. 

29. Riehard and Tamara are expecting their first ehild. 
Tamara has normal eolor vision. Riehard is eolor blind 
and wonders if their baby might be. A family history 
reveals that Tamara’s father is eolor blind too. What are 
Riehard’s and Tamara’s genotypes and phenotypes? Using 
a Punnett square, calculate the possible genotypie and 
phenotypie eombinations for their offspring. 


For more questions, see the Learning Aetivities on 

thePoinf. 






Glossary 


A 

abdominopelvie (ab-dom-ih-no-PEL-vik) Pertaining to the abdomen 
and pelvis. 

abduction (ab-DUK-shun) Movement away from the midline. 
abortifaeient (ah-bor-tih-FA-shent) Agent that induces an abortion. 
abortion (ah-BOR-shun) Loss of an embryo or fetus before the 20th 
week of pregnaney. 

absorption (ab-SORP-shun) The proeess of taking up or assimilating 
a substance. 

aeeommodation (ah-kom-o-DA-shun) Coordinated ehanges in the lens 
of the eye that enable one to focus on near and far objeets. 
aeetyleholine (as-e-til-KO-lene) (ACh) Neurotransmitter; released at syn- 
apses within the nervous system and at the neuromuscular junction. 
aeid (AH-sid) Substance that ean release a hydrogen ion when dis- 
solved in water. 

aeidosis (as-ih-DO-sis) Condition that results from a deerease in the 
pH of body fluids. 

aene (AK-ne) Skin disorder resulting from overaetivity of the seba- 
ceous glands, reduced keratinoeyte shedding, and infeetion of the 
hair follieles. 

aerosome (AK-ro-some) Caplike structure over the head of the sperm 
eell that helps the sperm to penetrate the ovum. 

ACTH See adrenoeortieotropie hormone. 

aetin (AK-tin) One of the two eontraetile proteins in muscle eells, the 
other being myosin. 

aetion potential Rapid depolarization and repolarization of the plasma 
membrane eapable of spreading down the neuron or muscle 
membrane; nerve impulse. 

aetive transport Movement of molecules into or out of a eell from an area 
where they are in lower eoneentration to an area where they are in 
higher eoneentration. Such movement, which is opposite to the diree- 
tion of normal flow by diffusion, requires energy and transporters. 
adaptation (ad-ap-TA-shun) Change in an organ or tissue to meet new 
eonditions. 

adduction (ad-DUK-shun) Movement toward the midline. 
adenoids (AD-eh-noyds) Popular name for pharyngeal tonsil loeated 
in the nasopharynx. 

adenosine triphosphate (ah-DEN-o-sene tri-FOS-fate) (ATP) Energy- 
storing compound found in all eells. 

ADH See antidiuretic hormone. 

adhesion (ad-HE-zhun) Holding together of two surfaces or parts; band 
of eonneetive tissue between parts that are normally separate. 
adipose (AD-ih-pose) Referring to fats or a type of eonneetive tissue 
that stores fat. 

adrenal (ah-DRE-nal) gland Endoerine gland loeated above the kidney; 
suprarenal gland. 

adrenaline (ah-DREN-ah-lin) See epinephrine. 

adrenergie (ad-ren-ER-jik) An aetivity or structure that responds to 
epinephrine (adrenaline). 

adrenoeortieotropie (ah-dre-no-kor-tih-ko-TRO-pik) hormone 
(ACTH) Hormone produced by the anterior pituitary that stimu- 
lates the adrenal cortex. 
aerobie (air-O-bik) Requiring oxygen. 

afferent (AF-fer-ent) Carrying toward a given point, such as a sensory 
neuron that earries nerve impulses toward the eentral nervous 
system. 

agglutination (ah-glu-tih-NA-shun) Clumping of eells due to an anti- 
gen-antibody reaetion. 

agglutinin (a-GLU-tih-nin) An antibody that causes clumping or agglu- 
tination of the agent that stimulated its formation. 
agonist (AG-on-ist) Muscle that eontraets to perform a given 
movement. 

agranulocyte (a-GRAN-u-lo-site) Leukocyte without visible granules 
in the eytoplasm when stained; lymphoeyte or monoeyte. 


albumin (al-BU-min) Protein in blood plasma and other body fluids; 

helps maintain the osmotie pressure of the blood. 
aldosterone (al-DOS-ter-one) Hormone released by the adrenal cortex 
that promotes sodium and indireetly, water reabsorption in the 
kidneys. 

alkali (AL-kah-li) Substance that ean aeeept a hydrogen ion (H + ); sub- 
stanee that releases a hydroxide ion (OH _ ) when dissolved in 
water; a base. 

alkalosis (al-kah-LO-sis) Condition that results from an inerease in the 
pH of body flmds. 

allele (al-LEEL) A version of a gene that eontrols a given trait. 
alveolus (al-VE-o-lus) Small sae or pouch; usually a tiny air sae in the 
lungs through which gases are exchanged between the outside air 
and the blood; tooth soeket; pl., alveoli. 
amino (ah-ME-no) aeid Building bloek of protein. 
amniotie (am-ne-OT-ik) Pertaining to the sae that surrounds and cush- 
ions the developing fetus or to the fluid that fills that sae. 
amniotie (am-ne-OT-ik) sae Fluid-filled sae that surrounds and cush- 
ions the developing fetus. 

amphiarthrosis (am-fe-ar-THRO-sis) Slightly movable joint. 
ampulla (am-PUL-ah) A saccular dilation of a eanal or duct. 
amygdala (ah-MIG-dah-lah) Two clusters of nuclei deep in the tempo- 
ral lobes that eoordinate emotional responses to stimuli. 
anabolism (ah-NAB-o-lizm) Metabolie building of simple compounds 
into more complex substances needed by the body. 
anaerobie (an-air-O-bik) Not requiring oxygen. 

anaphase (AN-ah-faze) The third stage of mitosis in which ehromo- 
somes separate to opposite sides of the eell. 
anastomosis (ah-nas-to-MO-sis) Communication between two struc- 
tmes, such as blood vessels. 

anatomie position Standard position of the body for anatomie stud- 
ies or designations, upright, faee front, arms at side with palms 
forward, and feet parallel. 
anatomy (ah-NAT-o-me) Study of body structure. 
anemia (ah-NE-me-ah) Abnormally low level of hemoglobin or red eells in 
the blood, resulting in inadequate delivery of oxygen to the tissues. 
androgen (AN-dro-jen) Any male sex hormone. 

angiography (an-je-OG-rah-fe) Radiography of vessels following injee- 
tion of a eontrast material. 

angiotensin II (an-je-o-TEN-sin) Substance produced from inaetive 
precursors by the aetion of the renal enzyme renin and other 
enzymes; inereases blood pressme by causing vascular eonstrie- 
tion, stimulating the release of aldosterone from the adrenal 
cortex and ADH from the posterior pituitary, and inereasing 
thirst. 

anion (AN-i-on) Negatively eharged partiele (ion). 
anorexia (an-o-REK-se-ah) Chronic loss of appetite. Anorexia nervosa 
is a psyehologieal eondition in which a person may beeome seri- 
ously and even fatally weakened from laek of food. 
anoxia (ah-NOK-se-ah) See hypoxia. 

ANP See atrial natrimetie peptide. 

ANS See autonomic nervous system. 

antagonist (an-TAG-o-nist) Muscle that has an aetion opposite that of 
a given movement or muscle; substance that opposes the aetion 
of another substance. 

anterior (an-TE-re-or) Toward the front or belly smfaee; ventral. 
antibody (AN-te-bod-e) (Ab) Substance produced in response to a spe- 
eifie antigen; immunoglobulin. 

antidiuretic (an-ti-di-u-RET-ik) hormone (ADH) Hormone released 
from the posterior pituitary gland that inereases water reabsorp- 
tion in the kidneys, thus deereasing the minary output. 
antigen (AN-te-jen) (Ag) Substance that induces an immune response. 
antioxidant (an-te-OX-ih-dant) Substances in the diet that proteet 
against harmful free radieals. 
antipyretie (an-ti-pi-RET-ik) Drug that reduces fever. 
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antisermn (an-te-SE-rum) Serum eontaining antibodies that may be 
given to provide passive immunity; immune serum. 
antitoxin (an-te-TOKS-in) Antibody that neutralizes a toxin. 
antivenin (an-te-VEN-in) Antibody that neutralizes snake venom. 
anus (A-nus) Inferior opening of the digestive traet. 
aorta (a-OR-tah) The largest artery; earries blood out of the heart’s 
left ventriele. 

apex (A-peks) Pointed region of a eone-shaped structure. 
apnea (AP-ne-ah) Temporary eessation of breathing. 
apoerine (AP-o-krin) Referring to a gland that releases some eelhilar 
material along with its seeretions. 

aponeurosis (ap-o-nu-RO-sis) Broad sheet of fibrous eonneetive tissue 
that attaehes muscle to bone or to other muscle. 
apoptosis (ah-pop-TO-sis) Programmed eell death, an orderly proeess 
neeessary for growth and remodeling of tissue. 
appendicular (ap-en-DIK-u-lar) skeleton Part of the skeleton that 
includes the bones of the upper extremities, lower extremities, 
shoulder girdle, and hips. 

appendix (ah-PEN-diks) Finger-like tube of lymphatie tissue attaehed 
to the first portion of the large intestine; vermiform (wormlike) 
appendix. 

aquaporin (ak-kwah-POR-in) A transmembrane ehannel protein that 
enables water movement aeross the plasma membrane. 
aqueous (A-kwe-us) Pertaining to water; an aqueous solution is one in 
which water is the solvent. 

aqueous (A-kwe-us) humor Watery fluid that fills much of the eyeball 
anterior to the lens. 

araehnoid (ah-RAK-noyd) Middle layer of the meninges. 
areolar (ah-RE-o-lar) Referring to loose eonneetive tissue, any small 
spaee, or to an areola, a circular area of marked eolor. 
arreetor pili (ah-REK-tor PI-li) Muscle attaehed to a hair folliele that 
raises the hair. 

arrhythmia (ah-RITH-me-ah) Loss or abnormality of rhythm, usually 
of the heart; dysrhythmia. 

arteriole (ar-TE-re-ole) Vessel between a small artery and a eapillary. 
arterioselerosis (ar-te-re-o-skle-RO-sis) Hardening of the arteries. 
artery (AR-ter-e) Vessel that earries blood away from the heart. 
articular (ar-TIK-u-lar) Pertaining to a joint. 

articulation (ar-tik-u-LA-shun) A joint; an area of junction or union 
between two or more structures. 

asexual (a-SEX-u-al) Nonsexual; referring to reproduction that does 
not require fusion of two different gametes. 
asthma (AZ-mah) Inflammation and eonstrietion of the air 
passageways. 

astroeyte (AS-tro-site) A star-shaped type of neuroglial eell loeated in 
the CNS. 

atom (AT-om) Smallest subunit of a ehemieal element. 
atomie number The number of protons in the nucleus of an element’s 
atoms; a number eharaeteristie of eaeh element. 

ATP See adenosine triphosphate. 

atrial natriuretic (na-tre-u-RET-ik) peptide (ANP) Hormone produced 
by the atria of the heart that lowers blood pressure by promoting 
excretion of sodium and water. 

atrioventricular (a-tre-o-ven-TRIK-u-lar) (AV) node Part of the heart’s 
conduction system. 

atrium (A-tre-um) One of the heart’s two upper ehambers; adj., 
atrial. 

attenuated (ah-TEN-u-a-ted) Weakened. 

auditory (AW-dih-tor-e) tube Tube that eonneets the middle ear eavity 
to the throat; eustachian tube. 

autonomic (aw-to-NOM-ik) nervous system (ANS) The part of the 
nervous system that eontrols smooth muscle, eardiae muscle, and 
glands; the viseeral or involuntary nervous system. 
autosome (AW-to-some) Any ehromosome not involved in sex deter- 
mination. There are 44 autosomes (22 pairs) in humans. 

AV node See atrioventricular node. 

axial (AK-se-al) skeleton The part of the skeleton that includes the 
skull, spinal column, ribs, and stermim. 
axilla (ak-SIL-ah) Hollow beneath the arm where it joins the body; 
armpit. 

axis (AK-sis) A eentral pole or line around which a structure may 
revolve. The seeond eervieal vertebra. 
axon (AK-son) Fiber of a neuron that conducts impulses away from 
the eell body. 


B 

band eell Immature neutrophil. 

baroreeeptor (bar-o-re-SEP-ter) Reeeptor that responds to pressure, 
such as those in vessel walls that respond to stretehing and help 
regulate blood pressure; a type of meehanoreeeptor. 
basal ganglia (BA-sal GANG-le-ah) Gray masses in the lower part of 
the forebrain that aid in motor planning; basal nuclei. 
basal (BA-sal) metabolism The amount of energy needed to maintain 
life functions while the body is at rest. 
basal nuclei (BA-sal NU-kle-i) intereonneeted masses of gray matter 
spread throughout the brain that modulate motor inputs and 
faeilitate routine motor tasks; basal ganglia. 
base A lower portion or foundation. Substance that ean aeeept a hydrogen 
ion (H + ); substance that releases a hydroxide ion (OH _ ) when dis- 
solved in water; an alkali. The broad, superior portion of the heart. 
basophil (BA-so-fil) Granular white blood eell that shows large, dark 
blue eytoplasmie granules when stained with basie stain. 

B eell Agranular white blood eell that gives rise to antibody-producing 
plasma eells in response to an antigen; B lymphoeyte. 
biearbonate ion (bi-KAR-bon-ate I-on) Molecule that eombines with 
hydrogen ion to form earbonie aeid, which separates into earbon 
dioxide and water; an important buffer in body fluids. 
bile Substance produced in the liver that emulsifies fats. 
bilimbin (BIL-ih-ru-bin) Pigment derived from the breakdown of 
hemoglobin and found in bile. 

biofeedbaek (bi-o-FEED-bak) A method for eontrolling involuntary 
responses by means of eleetronie deviees that monitor ehanges 
and feed information baek to a person. 
blastoeyst (BLAS-to-sist) An early stage in embryonie development 
eonsisting of a hollow structure formed from a rnomla that 
implants in the uterine lining. 

blood urea nitrogen (BUN) Amount of nitrogen from urea in the 
blood; test to evaluate kidney function. 
body (BOD-e) The prineipal mass of any structure. The main portion 
of a vertebra. A corpus or subdivision of the penis. 
bolus (BO-lus) A eoneentrated mass; the portion of food that is moved 
to the baek of the mouth and swallowed. 
bone Hard eonneetive tissue that makes up most of the skeleton, or 
any structure eomposed of this type of tissue. 
bone marrow Substance that fills the eentral eavity of a long bone (yel- 
low marrow) and the spaees in spongy bone (red marrow). 
bony labyrinth (LAB-ih-rinth) The outer, hollow bony shell of the 
inner ear that is filled with perilymph. 

Bowman capsule See glomerular capsule. 

bradyeardia (brad-e-KAR-de-ah) Heart rate of less than 60 beats per 
mimite. 

brain The eentral eontrolling area of the eentral nervous system (CNS). 
brain stem Portion of the brain that eonneets the eerebmm with the 
spinal eord; eontains the midbrain, pons, and medulla oblongata. 
Broea (bro-KAH) area Area of the eerebral cortex eoneerned with 
motor eontrol of speeeh; motor speeeh area. 
bronehiole (BRONG-ke-ole) Mieroseopie braneh of a bronchus. 
bronchus (BRONG-kus) Large air passageway in the lung; pl., bronehi 
(BRONG-ki). 

buffer (BUF-er) Substance that prevents sharp ehanges in a solution’s pH. 
bulbourethral (bul-bo-u-RE-thral) gland Gland that seeretes mucus to 
lubricate the urethra and tip of penis during sexual stimulation; 
Cowper gland. 

bulk transport Movement of large amounts of material through a eell’s 
plasma membrane. 

BUN See blood urea nitrogen. 

bursa (BER-sah) Small, fluid-filled sae found in an area subject to stress 
around bones and joints; pl., bursae (BER-se). 

e 

ealeitriol (kal-sih-TRI-ol) The aetive form of vitamin D; dihydroxycho- 
leealeiferol (di-hi-drok-se-ko-le-kal-SIF-eh-rol). 
calcium (KAL-se-um) An element required for bone formation, muscle 
eontraetion, nerve impulse conduction, and blood elotting. 
calyx (KA-liks) Cuplike extension of the renal pelvis that eolleets urine; 
pl., ealyees (KA-lih-seze). 

cancellous (KAN-sel-us) Referring to spongy bone tissue. 
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eaneer (KAN-ser) Tumor that spreads to other tissues; a malignant 
neoplasm. 

eapillary (CAP-ih-lar-e) Mieroseopie vessel through which exchanges 
take plaee between the blood and the tissues. 
earbohydrate (kar-bo-HI-drate) Simple sugar or compound made from 
simple sugars linked together, such as stareh or glyeogen. 
earbon Element that is the basis of organie ehemistry. 
earbon dioxide (di-OX-ide) (C0 2 ) Gaseous waste product of eelhilar 
metabolism. 

earbonie aeid (kar-BON-ik) Aeid formed when earbon dioxide dis- 
solves in water; earbonie aeid then separates into hydrogen ion 
and biearbonate ion. 

earbonie anhydrase (an-HI-drase) Enzyme that eatalyzes the intereon- 
version of earbon dioxide with biearbonate ion and hydrogen 
ion. 

eardiae (KAR-de-ak) Pertaining to the heart. 

eardiae (KAR-de-ak) output (CO) Volume of blood pumped by eaeh 
ventriele in one minute. CO is the product of stroke volume and 
heart rate. 

cardiovascular system (kar-de-o-VAS-ku-lar) System eonsisting of the 
heart and blood vessels that transports blood throughout the body. 
earrier Individual who has a reeessive allele of a gene that is not 
expressed in the phenotype but that ean be passed to offspring. 
eartilage (KAR-tih-lij) Type of hard eonneetive tissue found at the ends 
of bones, the tip of the nose, larynx, traehea, and the embryonie 
skeleton. 

CAT See computed tomography. 

eatabolism (kah-TAB-o-lizm) Metabolie breakdown of substances into 
simpler substances; includes the digestion of food and the oxida- 
tion of nutrient molecules for energy. 
eatalyst (KAT-ah-list) Substance that speeds the rate of a ehemieal 
reaetion. 

eation (KAT-i-on) Positively eharged partiele (ion). 
cauda equina (KAW-dah eh-KWI-nah) Bundle eomposed of the spinal 
nerves that arise from the terminal region of the spinal eord; the 
individual nerves gradually exit from their appropriate segments 
of the spinal column. 

caudal (KAWD-al) Toward or nearer to the saeral region of the spinal 
column. 

eavity (KAV-ih-te) Hollow spaee; hole. 

CCK See eholeeystokinin. 

cecum (SE-kum) Small pouch at the beginning of the large intestine. 

eell Basie unit of life. 

eell membrane See plasma membrane. 

cellular respiration Series of reaetions by which nutrients are oxidized 
for energy within the mitoehondria of body eells. 
eentral eanal Channel in the eenter of an osteon of eompaet bone; 

ehannel in the eenter of the spinal eord that eontains CSF. 
eentral nervous system (CNS) Part of the nervous system that includes 
the brain and spinal eord. 

centrifuge (SEN-trih-fuje) An instrument that separates materials in a 
mixture based on density. 

eentriole (SEN-tre-ole) Rod-shaped body near the nucleus of a eell; 
functions in eell division. 

cerebellum (ser-eh-BEL-um) Small seetion of the brain inferior to the 
eerebral hemispheres; functions in eoordination, balanee, and 
muscle tone. 

eerebral (SER-e-bral) cortex Very thin outer layer of gray matter on the 
surface of the eerebral hemispheres. 
eerebrospinal (ser-e-bro-SPI-nal) fluid (CSF) Fluid that circulates in 
and around the brain and spinal eord. 
cerebrum (SER-e-brum) Largest part of the brain; eomposed of two 
eerebral hemispheres. 

cerumen (seh-RU-men) Earwax; adj., ceruminous (seh-RU-min-us). 
eervieal (SER-vih-kal) Pertaining to the neek or the uterine cervix. 
cervix (SER-vix) Constricted portion of an organ or part, such as the 
lower portion of the uterus; neek; adj., eervieal. 
eesarean (se-ZAR-re-en) seetion ineision in the abdominal and uterine 
walls for delivery of a fetus; C-section. 
ehemistry (KEM-is-tre) Study of the eomposition and properties of 
matter. 

ehemoreeeptor (ke-mo-re-SEP-tor) Reeeptor that responds to ehemi- 
eals in body flmds. 
ehloride (KLOR-ide) Ion of ehlorine. 


eholeeystokinin (ko-le-sis-to-KI-nin) (CCK) Duodenal hormone that 
stimulates release of enzymes from the panereas and bile from 
the gallbladder. 

eholesterol (ko-LES-ter-ol) Lipid synthesized by the liver that is found 
in all plasma membranes, in bile, myelin, steroid hormones, and 
elsewhere; circulates in the blood and is stored in liver and adi- 
pose tissue; implieated in the development of atheroselerosis. 
eholinergie (ko-lin-ER-jik) Aetivity or structure that responds to 
aeetyleholine. 

ehondroeyte (KON-dro-site) Cell that produces and maintains 
eartilage. 

ehondroma (kon-DRO-mah) Tumor of eartilage. 
ehordae tendineae (KOR-de ten-DIN-e-e) Fibrous threads that stabi- 
lize the heart’s AV valve flaps. 

ehorion (KO-re-on) Outer embryonie layer that, together with a layer 
of the endometrium, forms the plaeenta. 
ehoroid (KO-royd) Pigmented middle layer of the eye. 
ehoroid plexus (KO-royd PLEKS-us) Vascular network in the brain’s 
ventrieles that forms eerebrospinal fluid. 
ehromosome (KRO-mo-some) Dark-staining, threadlike body in a 
eell’s nucleus; eontains genes that determine hereditary traits. 
ehyle (kile) Milky-appearing fluid absorbed into the lymphatie sys- 
tem from the small intestine. It eonsists of lymph and droplets 
of digested fat. 

ehyme (kime) Mixture of partially digested food, water, and digestive 
juices that forms in the stomaeh. 

eilia (SIL-e-ah) Hairs or hairlike proeesses, such as eyelashes or miero- 
seopie extensions from a eell’s surface; sing., cilium. 
eiliary (SIL-e-ar-e) muscle Eye muscle that eontrols the shape of the lens. 
eiliate (SIL-e-ate) Type of protozoon eovered with eilia for propulsion. 
cingulated gyrus (SIN-gu-late JI-rus) Portion of the eerebral cortex that 
loops over the corpus callosum; region that assoeiates emotions 
with memories. 

circulation (ser-ku-LA-shun) Movement or flow within a elosed sys- 
tem, as of blood or CSF. 

circumcision (sir-kum-SIJ-un) Surgery to remove the foreskin of the 
penis. 

circumduction (ser-kum-DUK-shun) Circular movement at a joint. 
eisterna ehyli (sis-TER-nah KI-li) Initial portion of the thoraeie lymph 
duct, which is enlarged to form a temporary storage area. 

CK See ereatine kinase. 

elitoris (KLIT-o-ris) Small organ of great sensitivity in the external 
genitalia of the female. 

CNS See eentral nervous system. 
coagulation (ko-ag-u-LA-shun) Clotting, as of blood. 
coccyx (KOK-siks) Terminal portion of the vertebral column; formed 
of four or five small fused bones. 

eoehlea (KOK-le-ah) Coiled portion of the inner ear that eontains the 
organ of hearing. 

eollagen (KOL-ah-jen) Flexible white protein that gives strength and 
resilienee to eonneetive tissue, such as bone and eartilage. 
eolloid (kol-OYD) Mixture in which suspended partieles do not dis- 
solve but remain distributed in the solvent because of their small 
size (e.g., eytoplasm); eolloidal suspension. 
eolon (KO-lon) Main portion of the large intestine. 
colostrum (ko-LOS-trum) Seeretion of the mammary glands released 
prior to seeretion of milk. 

eomplement (KOM-ple-ment) Group of blood proteins that helps anti- 
bodies and phagoeytes to destroy foreign eells. 
eomplianee (kom-PLI-ans) Ease with which a hollow structure, such 
as the thorax or alveoli of the lungs, ean be expanded under 
pressure. 

compound Substance eomposed of two or more ehemieal elements. 
computed tomography (to-MOG-rah-fe) (CT) Imaging method in 
which multiple radiographie views taken from different angles 
are analyzed by computer to show an area eross-seetion; used 
to deteet tumors and other abnormalities; also ealled computed 
axial tomography (CAT). 

eoneha (KON-ka) Shell-like bone in the nasal eavity; pl., eonehae 

(KON-ke). 

conduction (kon-DUK-shun) Transmission or eonveyanee of energy 
from one point to another as in transmission of a nerve impulse 
or transfer of heat from a warm objeet to a eooler one. 
eondyle (KON-dile) Rounded projeetion, as on a bone. 
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eone Reeeptor eell in the eye’s retina; used for vision in bright light. 
eongenital (eon-JEN-ih-tal) Present at birth. 

conjunctiva (kon-junk-TI-vah) Membrane that lines the eyelid and 
eovers the anterior part of the selera (white of the eye). 
eonneetive tissue The supporting tissue of the body ranging in eonsis- 
teney from liquid (e.g., blood) to semisolid (e.g., loose and adi- 
pose tissue) to firm (e.g., ligaments, tendons, eartilage) to hard 
(e.g., bone). 

eontraeeption (con-trah-SEP-shun) Prevention of an ovum’s fertiliza- 
tion or a fertilized ovum’s implantation; birth eontrol. 
eontraetility (kon-trak-TIL-ih-te) Capacity to undergo shortening, as 
in muscle tissue. 

eonveetion (kon-VEK-shun) Heat transfer promoted by movement of a 
eooler eontaeting medium, as in eooling by use of a fan. 
eonvergenee (kon-VER-jens) Centering of both eyes on the same visual 
field. 

eornea (KOR-ne-ah) Clear portion of the selera that eovers the ante- 
rior of the eye. 

eoronary (KOR-on-ar-e) Referring to the heart or to the arteries sup- 
plying blood to the heart. 

corpus (KOR-pus) Body; main part of an organ or other structure. 
corpus callosum (kal-0-sum) Thiek bundle of myelinated nerve eell 
fibers deep within the brain that earries nerve impulses from one 
eerebral hemisphere to the other. 

corpus luteum (LU-te-um) Yellow body formed from ovarian folliele 
after ovulation; produces estrogen and progesterone. 
corpus spongiosum (KOR-pus spon-je-0-sum) Central subdivision of 
the penis that eontains the urethra. 

cortex (KOR-tex) Outer layer of an organ, such as the brain, kidney, 
or adrenal gland. 

eovalent (KO-va-lent) bond Chemical bond formed by the sharing of 
eleetrons between atoms. 

CPR See cardiopulmonary resuscitation. 

eranial (KRA-ne-al) Pertaining to the cranium, the part of the skull 
that eneloses the brain; toward the head or nearer to the head. 
eraniosaeral (kra-ne-o-SA-kral) Pertaining to the eranial and saeral 
region of the spinal eord, as deseribes the parasympathetie ner- 
vous system. 

ereatine (KRE-ah-tin) phosphate Compound in muscle tissue that 
stores energy in high-energy bonds. 
ereatine kinase (CK) (KRE-ah-tin Kl-nase) Enzyme in muscle eells 
that is needed to synthesize ereatine phosphate and is released 
in inereased amounts when imisele tissue is damaged; the form 
speeifie to eardiae muscle eells is ereatine kinase MB (CK-MB). 
ereatinine (kre-AT-ih-nin) Nitrogenous waste product eliminated in urine. 
erenation (kre-NA-shun) Shrinking of a eell, as when plaeed in a 
hypertonie solution. 

erista (KRIS-tah) Reeeptor for the sense of rotational equilibrium; pl., 
eristae. 

eryopreeipitate (kri-o-pre-SIP-ih-tate) Sediment formed when plasma 
is frozen and thawed. It is rieh in fibrinogen and elotting faetors. 
CSF See eerebrospinal fluid. 

CT See computed tomography. 

cutaneous (ku-TA-ne-us) Referring to the skin. 

cuticle (KU-tih-kl) Extension of the stratum corneum that seals the 
spaee between the nail plate and the skin above the nail root. 
eystie (SlS-tik) duct Duct that earries bile into and out of the gallbladder. 
eytokine (Sl-to-kine) Peptide produced by immune eells or other eells 
that aets as a cellular signal; (e.g., interleukin). 
eytology (si-TOL-o-je) Study of eells. 

eytoplasm (Sl-to-plazm) Substance that fills the eell, eonsisting of a 
liquid eytosol and organelles. 

eytosol (Sl-to-sol) Liquid portion of the eytoplasm, eonsisting of nutri- 
ents, minerals, enzymes, and other materials in water. 

D 

deamination (de-am-ih-NA-shun) Removal of amino groups from pro- 
teins in metabolism. 

decidua (de-SID-u-ah) The vascularized internal portion of the endo- 
metrium in a pregnant uterus; the maternal portion of the 
plaeenta. 

decubitus (de-KU-bih-tus) Lying down. 


defeeation (def-eh-KA-shun) Aet of eliminating undigested waste from 
the digestive traet. 

degeneration (de-jen-er-A-shun) Breakdown, as from age, injury, or 
disease. 

deglutition (deg-lu-TISH-un) Aet of swallowing. 
dehydration (de-hi-DRA-shun) Excessive loss of body fhfid. 
denaturation (de-nah-tu-RA-shun) Change in structure of a protein, 
such as an enzyme, so that it ean no longer function. 
dendrite (DEN-drite) Neuron fiber that conducts impulses toward the 
eell body. 

dendritie (den-DRIT-ik) eell Phagoeytie white blood eell aetive in the 
immune system as an antigen-presenting eell (APC). 
dentin (DEN-tin) The main substance of a tooth. 
deoxyribonucleic (de-OK-se-ri-bo-nu-kle-ik) aeid (DNA) Genetie mate- 
rial of the eell; makes up the ehromosomes in the eell’s nucleus. 
depolarization (de-po-lar-ih-ZA-shun) Reduction of the membrane 
potential (eharge) resulting from the entry of eations or the exit 
of anions. 

dermal papillae (pah-PIL-le) Extensions of the dermis that projeet up 
into the epidermis; they eontain blood vessels that supply the 
epidermis. 

dermatome (DER-mah-tome) Region of the skin supplied by a single 
spinal nerve. 

dermis (DER-mis) True skin; deeper part of the skin. 
detoxification (de-tok-sih-fih-KA-shun) Removal of the toxicity of a 
harmful substance, such as aleohol and eertain drugs. 
dextrose (DEK-strose) Glucose, as found in nature. 
diabetes insipidus (in-SIP-ih-dus) Condition due to insufficient ADH 
seeretion by the posterior pituitary, causing excessive water loss. 
diabetes mellitus (di-ah-BE-teze mel-LI-tus) Disease of insufficient 
insulin or insufficient response to insulin in which excess glucose 
is found in the blood and the urine; eharaeterized by abnormal 
metabolism of glucose, protein, and fat. 
diaphragm (Dl-ah-fram) Dome-shaped muscle under the lungs that 
flattens during inhalation; a separating membrane or structure. 
diaphysis (di-AF-ih-sis) Shaft of a long bone. 
diarthrosis (di-ar-THRO-sis) Freely movable joint; synovial joint. 
diastole (di-AS-to-le) Relaxation; adj., diastolie (di-as-TOL-ik). 
dieneephalon (di-en-SEF-ah-lon) Region of the brain between the eere- 
bral hemispheres and the midbrain; eontains the thalamus, hypo- 
thalamus, and pituitary gland. 

diffusion (dih-FU-zhun) Movement of solutes from a region where 
they are in higher eoneentration to a region where they are in 
lower eoneentration. 

digestion (di-JEST-yun) Proeess of breaking down food into absorb- 
able partieles. 

digestive system (di-JES-tiv) The system involved in taking in nutrients, 
eonverting them to a form the body ean use, and absorbing them 
into the circulation. 

dihydroxycholecalciferol (di-hi-drok-se-ko-le-kal-SIF-eh-rol) The 
aetive form of vitamin D; ealeitriol. 
dilation (di-LA-shun) Widening of a part, such as the pupil of the eye, 
a blood vessel, or the uterine cervix; dilatation. 
disaeeharide (di-SAK-ah-ride) Compound formed of two simple sugars 
linked together, such as sucrose and laetose. 
disseet (dis-sekt) To cut apart or separate tissues for study. 
distal (DlS-tal) Farther from a structure’s origin or from a given refer- 
enee point. 

DNA See deoxyribonucleic aeid. 

dominant (DOM-ih-nant) Referring to an allele of a gene that is always 
expressed in the phenotype if present. 
dopamine (DO-pah-mene) Neurotransmitter. 
dorsal (DOR-sal) At or toward the baek; posterior. 
dorsiflexion (dor-sih-FLEK-shun) Bending the foot upward at the ankle. 
duct Tube or vessel. 

ductus arteriosus (DUK-tus ar-te-re-0-sus) Small vessel in the fetus that 
earries blood from the pulmonary artery to the deseending aorta. 
ductus deferens (DEF-er-enz) Tube that earries sperm eells from the 
testis to the urethra; vas deferens. 

ductus venosus (ve-NO-sus) Small vessel in the fetus that earries blood 
from the umbilical vein to the inferior vena eava. 
duodenum (du-o-DE-num) First portion of the small intestine. 
dura mater (DU-rah MA-ter) Outermost layer of the meninges. 
dyspnea (disp-NE-ah) Difficult or labored breathing. 
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E 

eeerine (EK-rin) Referring to sweat glands that regulate body tempera- 
ture and vent sweat direetly to the surface of the skin through a 
pore. 

ECG See eleetroeardiograph. 

eehoeardiograph (ek-o-KAR-de-o-graf) Instrument to study the 
heart by means of ultrasound; the reeord produced is an 
eehoeardiogram. 

eetopie (ek-TOP-ik) Apart from a normal loeation, as a pregnaney or 
heartbeat. 

EEG See eleetroeneephalograph. 

effeetor (ef-FEK-tor) Muscle or gland that responds to a signal; effee- 
tor organ. 

efferent (EF-fer-ent) Carrying away from a given point, such as a 
motor neuron that earries nerve impulses away from the eentral 
nervous system. 

effusion (eh-FU-zhun) Eseape of fluid into a eavity or spaee; the fluid 
itself. 

ejaculation (e-jak-u-LA-shun) Expulsion of semen through the urethra. 
EKG See eleetroeardiograph. 

elastieity (e-las-TIS-ih-te) Capacity of a structure to return to its origi- 
nal shape after being stretehed. 

eleetroeardiograph (e-lek-tro-KAR-de-o-graf) (ECG, EKG) Instmment 
to study the heart’s eleetrie aetivity; reeord made is an 
eleetroeardiogram. 

eleetroeneephalograph (e-lek-tro-en-SEF-ah-lo-graf) (EEG) Instmment 
used to study the brain’s eleetrie aetivity; reeord made is an 
eleetroeneephalogram. 

eleetrolyte (e-LEK-tro-lite) Compound that separates into ions in solu- 
tion; substance that conducts an eleetrie current in solution. 
eleetron (e-LEK-tron) Negatively eharged partiele loeated in an energy 
level outside an atom’s nucleus. 

eleetrophoresis (e-lek-tro-fo-RE-sis) Separation of eomponents in a 
mixture by passing an eleetrie current through it; eomponents 
separate on the basis of their eharge. 
element (EL-eh-ment) One of the substances from which all matter 
is made; substance that eannot be deeomposed into a simpler 
substance. 

embolism (EM-bo-lizm) The eondition of having an embolus (obstme- 
tion in the circulation). 

embolus (EM-bo-lus) Blood elot or other obstmetion in the circulation. 
embryo (EM-bre-o) Developing offspring during the first eight weeks 
of gestation. 

emulsify (e-MUL-sih-fi) To break up fats into small partieles; n., 
emulsification. 

enamel (e-NAM-el) Material that eovers the crown of a tooth; hardest 
substance in the body. 

endoeardimn (en-do-KAR-de-um) Membrane that lines the heart’s 
ehambers and eovers the valves. 

endoerine (EN-do-krin) Referring to a gland that seeretes into the 
bloodstream. 

endoerine system System eomposed of glands that seerete hormones. 
endoeytosis (en-do-si-TO-sis) Movement of large amounts of material 
into a eell using vesieles (e.g., phagoeytosis and pinoeytosis). 
endolymph (EN-do-limf) Fluid that fills the membranous labyrinth of 
the inner ear. 

endometrium (en-do-ME-tre-um) Inner layer of the uterus. 
endomysium (en-do-MIS-e-um) Connective tissue around an individ- 
ual muscle fiber. 

endoplasmie reticulum (en-do-PLAS-mik re-TIK-u-lum) (ER) Network 
of membranes in the cellular eytoplasm; may be smooth or rough 
based on absenee or presenee of ribosomes. 
endorphin (en-DOR-fin) Pain-relieving substance released naturally 
from the brain. 

endoseope (EN-do-skope) Lighted flexible instmment used to examine 
the interior of body eavities or organs. 
endosteum (en-DOS-te-um) Thin membrane that lines a bone marrow 
eavity. 

endothelium (en-do-THE-le-um) Epithelium that lines the heart, blood 
vessels, and lymphatie vessels. 

enzyme (EN-zime) A protein that aeeelerates a speeifie ehemieal reaetion. 
eosinophil (e-o-SIN-o-fil) Gramdar white blood eell that shows bead- 
like, bright pink eytoplasmie granules when stained with aeid stain. 


ependymal (eh-PEN-dih-mal) eell Neuroglial eell in the CNS used to 
form the ehoroid plexus, a network in a ventriele that forms CSF. 
epicardium (ep-ih-KAR-de-um) Membrane that forms the heart wall’s 
outermost layer and is continuous with the lining of the fibrous 
pericardium; viseeral pericardium. 

epieondyle (ep-ih-KON-dile) Small projeetion on a bone above a 
eondyle. 

epidermis (ep-ih-DER-mis) Outermost layer of the skin. 
epididymis (ep-ih-DID-ih-mis) Coiled tube on the surface of the testis 
in which sperm eells are stored and in which they mature. 
epigastrie (ep-ih-GAS-trik) Pertaining to the region just inferior to the 
sternum (breastbone). 

epiglottis (ep-e-GLOT-is) Leaf-shaped eartilage that eovers the larynx 
during swallowing. 

epimysium (ep-ih-MIS-e-um) Sheath of fibrous eonneetive tissue that 
eneloses a muscle. 

epinephrine (ep-ih-NEF-rin) Hormone released from the adrenal 
medulla; adrenaline. 

epiphysis (eh-PIF-ih-sis) End of a long bone; adj., epiphyseal 
(ep-ih-FIZ-e-al). 

episiotomy (eh-piz-e-OT-o-me) Cutting of the perineum between the 
vaginal opening and the anus to reduce tissue tearing in ehildbirth. 
epithelmm (ep-ih-THE-le-um) One of the four main types of tissues; 

forms glands, eovers surfaces, and lines eavities; adj., epithelial. 
EPO See erythropoietin. 

equilibrium (e-kwih-LIB-re-um) Sense of balanee. 

ER See endoplasmie reticulum. 

ereetion (e-REK-shun) Stiffening and enlargement of the penis. 
erythroeyte (eh-RITH-ro-site) Red blood eell. 

erythropoietin (EPO) (eh-rith-ro-POY-eh-tin) Hormone released from 
the kidney that stimulates red blood eell production in the red 
bone marrow. 

esophagus (eh-SOF-ah-gus) Muscular tube that earries food from the 
throat to the stomaeh. 

estrogen (ES-tro-jen) Group of female sex hormones that promotes 
development of the ovarian folliele and the uterine lining and main- 
tains seeondary sex eharaeteristies; the main estrogen is estradiol. 
eustachian (u-STA-shun) tube See auditory tube. 

evaporation (e-vap-o-RA-shun) Proeess of ehanging a liquid to a vapor. 
eversion (e-VER-zhun) Turning outward, with referenee to movement 
of the foot. 

excitability In eells, the ability to transmit an eleetrie current along the 
plasma membrane. 

excretion (eks-KRE-shun) Removal and elimination of metabolie 
waste products from the blood. 

exfoliation (eks-fo-le-A-shun) Loss of eells from the surface of tissue, 
such as the skin. 

exhalation (eks-hah-LA-shun) Expulsion of air from the lungs; 
expiration. 

exocrine (EK-so-krin) Referring to a gland that seeretes through a duct. 
exocytosis (eks-o-si-TO-sis) Movement of large amounts of material 
out of the eell using vesieles. 

extension (eks-TEN-shun) Motion that inereases the angle at a joint, 
returning a body part to the anatomie position. 
extracellular (EK-strah-sel-u-lar) Outside the eell. 
extremity (ek-STREM-ih-te) Limb. 

F 

fallopian (fah-LO-pe-an) tube See uterine tube. 

familial (fah-MIL-e-al) Hereditary; passed from parents to ehildren in 
the genes. 

faseia (FASH-e-ah) Band or sheet of fibrous eonneetive tissue. 
faseiele (FAS-ih-kl) Small bundle, as of muscle eells or nerve eell fibers. 
fat Type of lipid eomposed of glyeerol and fatty aeids; triglyeeride. 
febrile (FEB-ril) Pertaining to fever. 

feees (FE-seze) Waste material diseharged from the large intestine; 
excrement; stool. 

feedbaek Return of information into a system, so that it ean be used to 
regulate that system. 

fertilization (fer-til-ih-ZA-shun) Union of an ovum and a spermatozoon. 
fetus (FE-tus) Developing offspring from the start of the ninth week of 
gestation until birth. 
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fever (FE-ver) Abnormally high body temperature involving an 
inereased temperature set point. 
fibrin (Fl-brin) Blood protein that forms a blood elot. 
fibrinogen (fi-BRIN-o-jen) Plasma protein that is eonverted to fibrin in 
blood elotting. 

fibroblast (Fl-bro-blast) Cell that produces protein fibers and other 
eomponents of the matrix in eonneetive tissue. 
fight-or-flight response Physiologie response to a threatening or stress- 
ful situation as aetivated by the sympathetie nervous system. 
filtration (fil-TRA-shun) Movement of material through a semiperme- 
able membrane down a pressure gradient. 
fimbriae (FIM-bre-e) Fringelike extensions of the uterine tube that 
sweep a released ovum into the tube. 
fissure (FISH-ure) Deep groove. 

flagellum (flah-JEL-lum) Long whiplike extension from a eell used for 
loeomotion; pl., flagella. 

flexion (FLEK-shun) Bending motion that deereases the angle between 
bones at a joint, moving a body part away from the anatomie 
position. 

folliele (FOL-lih-kl) Sae or eavity, such as the ovarian folliele or hair 
folliele. 

follicle-stimulating hormone (FSH) Hormone produced by the anterior 
pituitary that stimulates development of ova in the ovary and 
spermatozoa in the testes. 

fontanel (fon-tah-NEL) Membranous area in the infant skull where 
bone has not yet formed; also spelled fontanelle; “soft spot.” 
foramen (fo-RA-men) Opening or passageway, as into or through a 
bone; pl., foramina (fo-RAM-in-ah). 
foramen magnum Large opening in the skull’s oeeipital bone through 
which the spinal eord passes to join the brain. 
foramen ovale (o-VA-le) Small hole in the fetal atrial septum that allows 
blood to pass direetly from the right atrium to the left atrium. 
formed elements Cells and eell fragments in the blood. 
fornix (FOR-niks) Reeess or arehlike structure. 

fossa (FOS-sah) Hollow or depression, as in a bone; pl., fossae 
(FOS-se). 

fovea (FO-ve-ah) Small pit or cup-shaped depression in a surface; 
fovea eentralis. 

fovea eentralis (FO-ve-ah sen-TRA-lis) Tiny depressed area near the 
optie nerve that is the point of sharpest vision. 
frontal (FRONT-al) Deseribing a plane that divides a structure into 
anterior and posterior parts. Pertaining to the anterior bone of 
the cranium. 

FSH See follicle-stimulating hormone. 

fulcrum (FUL-krum) Pivot point in a lever system; joint in the skeletal 
system. 

fundus (FUN-dus) The deepest portion of an organ, such as the eye, the 
stomaeh, or the uterus. 

G 

gallbladder (GAWL-blad-er) Muscular sae on the inferior surface of 
the liver that stores bile. 

GALT Gut-associated lymphoid tissue. 

gamete (GAM-ete) Reproductive eell; ovum or spermatozoon. 
gamma globulin (GLOB-u-lin) Protein fraetion in the blood plasma 
that eontains antibodies. 

ganglion (GANG-le-on) Collection of nerve eell bodies loeated outside 
the eentral nervous system. 

gastrie-inhibitory peptide (GIP) Duodenal hormone that inhibits 
release of gastrie juice and stinmlates insulin release. 
gastrin (GAS-trin) Hormone released from the stomaeh that stirmilates 
stomaeh aetivity. 

gastroesophageal (gas-tro-eh-sof-ah-JE-al) reflux disease (GERD) 
Chronic reflux from the stomaeh into the distal esophagus caused 
by weakness in the lower esophageal sphineter (LES). 
gastrointestinal (gas-tro-in-TES-tih-nal) (GI) Pertaining to the stomaeh 
and intestine or the digestive traet as a whole. 
gene Hereditary faetor; portion of the DNA on a ehromosome eneod- 
ing a speeifie protein. 

genetie (jeh-NET-ik) Pertaining to the genes or heredity. 
genital (JEN-ih-tal) Pertaining to reproduction or the reproductive 
organs (genitalia). 


genitalia (jen-ih-TA-le-ah) Reproductive organs, both external and 
internal. 

genotype (JEN-o-tipe) Genetie makeup of an organism. 

gestation (jes-TA-shun) Period of development from eoneeption to birth. 

GH See growth hormone. 

GI See gastrointestinal. 

gingiva (JIN-jih-vah) Tissue around the teeth; gum. 
gland Organ or eell speeialized to produce a substance that is sent to 
other parts of the body. 
glans Enlarged distal portion of the penis. 

glial eells (GLI-al) Cells that support and proteet the nervous system; 
neuroglia. 

glomerular (glo-MER-u-lar) capsule Enlarged portion of the nephron 
that surrounds the glomerulus; Bowman capsule. 
glomerular (glo-MER-u-lar) filtrate Fluid and dissolved materials that 
leave the blood and enter the kidney tubule. 
glomerulus (glo-MER-u-lus) Cluster of eapillaries surrounded by the 
kidney tubule’s glomemlar capsule. 
glottis (GLOT-is) Spaee between the voeal eords. 
ghieagon (GLU-kah-gon) Hormone from the panereatie islets that 
raises blood glucose level. 

glucocorticoid (glu-ko-KOR-tih-koyd) Steroid hormone from the 
adrenal cortex that inereases the eoneentration of nutrients in the 
blood during times of stress (e.g., eortisol). 
ghieose (GLU-kose) Simple sugar; main energy source for the eells; 
dextrose. 

glyeemie (gli-SE-mik) effeet Measure of how rapidly a food raises the 
blood glucose level and stiimilates release of insulin. 
glyeogen (GLI-ko-jen) Compound built from glucose molecules that is 
stored for energy in the liver and nmseles. 
glyeolysis (gli-KOL-ih-sis) First, anaerobie phase of glucose’s meta- 
bolie breakdown for energy; eonverts glucose into pymvate. 
goblet eell Single-eelled gland that seeretes mucus. 
goiter (GOY-ter) Enlargement of the thyroid gland. 

Golgi (GOL-je) apparatus System of cellular membranes that modifies 
and sorts proteins; also ealled Golgi complex. 
gonad (GO-nad) Organ producing gametes and sex steroids; ovary or 
testis; adj., gonadal. 

gonadotropin (gon-ah-do-TRO-pin) Hormone that aets on a repro- 
ductive gland (ovary or testis) (e.g., FSH, LH). 
gradient (GRA-de-ent) Gradual ehange in a particular quality between 
two regions, such as gradients of position, eoneentration, or pres- 
sure within a system. 

gram (g) Basie unit of weight in the metrie system. 
granulocyte (GRAN-u-lo-site) Leukocyte with visible granules in the 
eytoplasm when stained. 

gray commissure (KOM-ih-shure) Bridge of gray matter that eonneets 
the right and left horns of the spinal eord. 
gray matter Nervous tissue eomposed of unmyelinated fibers and eell 
bodies. 

greater vestibular (ves-TIB-u-lar) gland Gland that seeretes mucus into 
the vagina; Bartholin gland. 

growth hormone (GH) Hormone produced by anterior pituitary that 
promotes tissue growth; somatotropin. 
gustation (gus-TA-shun) Sense of taste; adj., gustatory. 
gyrus (JI-rus) Raised area of the eerebral cortex; pl., gyri (Jl-ri). 

H 

hair eells Reeeptor eells for hearing and equilibrium. 
hair folliele (FOL-lih-kl) Sheath that eneloses a hair. 
haversian (ha-VER-shan) eanal See eentral eanal. 
haversian system See osteon. 

hearing (HERE-ing) Ability to pereeive sound; audition. 
heart (hart) Organ that pumps blood through the cardiovascular 
system. 

hemapheresis (hem-ah-fer-E-sis) Return of blood eomponents to a 
donor following separation and removal of desired eomponents. 
hematoerit (he-MAT-o-krit) (Het) Volume pereentage of red blood 
eells in whole blood; paeked eell volume. 
hematopoiesis (hem-mah-to-poy-E-sis) Formation of blood eells. 
hematopoietie (he-mah-to-poy-ET-ik) Pertaining to blood eell 
formation. 
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hemoeytometer (he-mo-si-TOM-eh-ter) Deviee used to count blood 
eells under the mieroseope. 

hemoglobin (he-mo-GLO-bin) (Hb) iron-eontaining protein in red 
blood eells that binds oxygen. 

hemolysis (he-MOL-ih-sis) Rupture of red blood eells; v., hemolyze 
(HE-mo-lize). 

hemopoiesis (he-mo-poy-E-sis) Production of blood eells; 
hematopoiesis. 

hemorrhage (HEM-eh-rij) Loss of blood. 
hemostasis (he-mo-STA-sis) Stoppage of bleeding. 
heparin (HEP-ah-rin) Substance that prevents blood elotting; 
anticoagulant. 

hepatie (heh-PAT-ik) Pertaining to the liver. 

heredity (he-RED-ih-te) Transmission of eharaeteristies from parent to 
offspring by means of the genes. 

hereditary (he-RED-ih-tar-e) Transmitted or transmissible through the 
genes; familial. 

hernia (HER-ne-ah) Protrusion of an organ or tissue through the wall 
of the eavity in which it is normally enelosed. 
heterozygous (het-er-o-ZI-gus) Having unmatched alleles for a given 
trait; hybrid. 

hilum (HI-lum) Indented region of an organ where vessels and nerves 
enter or leave. 

hippocampus (hip-o-KAM-pus) Sea horse-shaped region of the lim- 
bie system that functions in learning and formation of long-term 
memory. 

histamine (HlS-tah-mene) Substance released from tissues during an 
inflammatory reaetion; promotes redness, pain, and swelling. 
histology (his-TOL-o-je) Study of tissues. 

homeostasis (ho-me-o-STA-sis) State of balanee within the body; main- 
tenanee of body eonditions within set limits. 
homozygous (ho-mo-ZI-gus) Having identieal alleles in a given gene 
pair. 

hormone Chemical messenger seereted by a tissue that has speeifie 
regulatory effeets on eertain other eells. 
human ehorionie gonadotropin (ko-re-ON-ik gon-ah-do-TRO-pin) 
(hCG) Hormone produced by embryonie eells soon after implan- 
tation that maintains the corpus luteum and is diagnostie of 
pregnaney. 

human plaeental laetogen (hPL) Hormone produced by the plaeenta 
that prepares the breasts for laetation and inereases nutrient lev- 
els in maternal blood. 

humoral (HU-mor-al) Pertaining to body flmds, such as imimmity 
based on antibodies circulating in the blood. 
hyaline (Hl-ah-lin) Clear, glasslike; referring to a type of eartilage. 
hydrolysis (hi-DROL-ih-sis) Splitting of large molecules by the addi- 
tion of water, as in digestion. 

hydrophilie (hi-dro-FIL-ik) Mixing with or dissolving in water, such as 
salts; literally “water loving.” 

hydrophobie (hi-dro-FO-bik) Repelling and not dissolving in water, 
such as fats; literally “water fearing.” 
hymen Fold of membrane near the opening of the vaginal eanal. 
hypereapnia (hi-per-KAP-ne-ah) inereased level of earbon dioxide in 
the blood. 

hyperglyeemia (hi-per-gli-SE-me-ah) Abnormal inerease in the amount 
of ghieose in the blood. 

hyperpnea (hi-PERP-ne-ah) inerease in the depth and rate of breathing, 
as during exercise. 

hypertonie (hi-per-TON-ik) Deseribing a solution that is more eoneen- 
trated than the fluids within a eell. 

hypertrophy (hy-PER-tro-fe) Enlargement or overgrowth of an organ 
or part. 

hyperventilation (hi-per-ven-tih-LA-shun) inerease in the rate and 
depth of breathing above optimum levels. 
hypoeapnia (hi-po-KAP-ne-ah) Deereased level of earbon dioxide in 
the blood. 

hypoehondriae (hi-po-KON-dre-ak) Pertaining to a region on either 
side of the abdomen just inferior to the ribs. 
hypogastrie (hi-po-GAS-trik) Pertaining to an area inferior to the 
stomaeh; most inferior midline region of the abdomen. 
hypoglyeemia (hi-po-gli-SE-me-ah) Abnormal deerease in the eoneen- 
tration of glucose in the blood. 

hyponatremia (hi-po-nah-TRE-me-ah) Defieieney of sodium in body 
fluids. 


hypophysis (hi-POF-ih-sis) Pituitary gland. 

hypopnea (hi-POP-ne-ah) Deerease in the rate and depth of breathing. 
hypotension (hi-po-TEN-shun) Low blood pressure. 
hypothalaimis (hi-po-THAL-ah-mus) Region of the brain that eontrols 
the pituitary; eontrol eenter for numerous homeostatie negative 
feedbaek loops and for the autonomic nervous system. 
hypotonie (hi-po-TON-ik) Deseribing a solution that is less eoneen- 
trated than are the fluids within a eell. 
hypoventilation (hi-po-ven-tih-LA-shun) Insufficient amount of air 
entering the alveoli. 

hypoxemia (hi-pok-SE-me-ah) Lower than normal eoneentration of 
oxygen in arterial blood. 

hypoxia (hi-POK-se-ah) Lower than normal level of oxygen in the 
tissues. 

I 

ileum (IL-e-um) Most distal portion of the small intestine. 

iliae (IL-e-ak) Pertaining to the ilium, the upper portion of the hipbone; 

pertaining to the most inferior, lateral regions of the abdomen. 
immune (ih-MUNE) system Complex of cellular and molecular eom- 
ponents that provides defense against foreign eells and substances 
as well as abnormal body eells. 

immunity (ih-MU-nih-te) Power of an individual to resist or overeome 
the effeets of a disease or other harmful agent. 
immunization (ih-mu-nih-ZA-shun) Use of a vaeeine to produce 
imrmmity; vaeeination. 

immunoglobulin (im-mu-no-GLOB-u-lin) (Ig) See antibody. 
implantation (im-plan-TA-shun) Embedding of a fertilized ovum into 
the uterine lining. 

infectious mononucleosis (mon-o-nu-kle-0-sis) Acute viral infeetion 
assoeiated with enlargement of the lymph nodes. 
inferior (in-FE-re-or) Below or lower. 

inferior vena eava (VE-nah KA-vah) Large vein that drains the lower 
body and empties into the heart’s right atrium. 
infertility (in-fer-TIL-ih-te) Deereased ability to reproduce. 
inflammation (in-flah-MA-shun) Response of tissues to injury or infee- 
tion; eharaeterized by heat, redness, swelling, and pain. 
infundibulum (in-fun-DIB-u-lum) Stalk that eonneets the pituitary 
gland to the brain’s hypothalamus. 
ingestion (in-JES-chun) Intake of food. 

inguinal (IN-gwih-nal) Pertaining to the groin region or the region of 
the inguinal eanal. 

inhalation (in-hah-LA-shun) Drawing of air into the lungs; inspiration. 
insertion (in-SER-shun) Muscle attaehment eonneeted to a movable 
part. 

insula (IN-su-lah) Lobe of the eerebral hemisphere loeated interiorly. 
insulin (IN-su-lin) Hormone from the panereatie islets that lowers 
blood glucose level and promotes tissue building. 
integument (in-TEG-u-ment) Skin; adj., integumentary. 
integumentary system The skin and all its assoeiated structures. 
interealated (in-TER-eah-la-ted) disk A modified plasma membrane 
in eardiae tissue that allows rapid transfer of eleetrie impulses 
between eells. 

intereelhilar (in-ter-SEL-u-lar) Between eells. 
intereostal (in-ter-KOS-tal) Between the ribs. 

interferon (in-ter-FERE-on) (IFN) Group of substances released from 
virus-infected eells that prevent spread of infeetion to other eells; 
also nonspeeifieally boosts the immune system. 
interleukin (in-ter-LU-kin) Substance released by a T eell, maerophage, 
or endothelial eell that regulates other immune system eells. 
interneuron (in-ter-NU-ron) Nerve eell that transmits impulses within 
the eentral nervous system or enterie (gastrointestinal) nervous 
system. 

interphase (IN-ter-faze) Stage in a eell’s life between one mitosis and 
the next when the eell is not dividing. 
interstitial (in-ter-STISH-al) Between; pertaining to an organ’s spaees 
or structures between aetive tissues; also refers to the fluid 
between eells. 

intestine (in-TES-tin) Organ of the digestive traet between the stomaeh 
and the anus, eonsisting of the small and large intestine. 
intraeelhilar (in-trah-SEL-u-lar) Within a eell. 

inversion (in-VER-zhun) Turning inward, with referenee to movement 
of the foot. 
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ion (I-on) Atom or molecule with an eleetrieal eharge; anion or eation. 
ionie bond Chemical bond formed by the exchange of eleetrons 
between atoms. 

iris (I-ris) Circular eolored region of the eye around the pupil. 
islets (I-lets) Groups of eells in the panereas that produce hormones; 

islets of Langerhans (LAHNG-er-hanz). 
isometrie (i-so-MET-rik) eontraetion Muscle eontraetion in which 
there is no ehange in muscle length but an inerease in muscle ten- 
sion, as in pushing against an immovable foree. 
isotonie (i-so-TON-ik) Deseribing a solution that has the same eoneen- 
tration as the fluid within a eell. 

isotonie eontraetion Muscle eontraetion in which the tone within the mus- 
ele remains the same but the muscle shortens to produce movement. 
isotope (I-so-tope) Form of an element that has the same atomie num- 
ber as another form of that element but a different atomie weight; 
isotopes differ in their numbers of neutrons. 
isthnms (IS-mus) Narrow band, such as the band that eonneets the two 
lobes of the thyroid gland. 

J 

jejunum (je-JU-num) Seeond portion of the small intestine. 
joint Area of junction between two or more bones; articulation. 
juxtaglomerular (juks-tah-glo-MER-u-lar) (JG) apparatus Structure in 
the kidney eomposed of eells of the afferent arteriole and distal 
tubule that inereases the seeretion of the enzyme renin in response 
to deereased blood pressure. 

juxtamedullary nephron (juks-tah-MED-u-lar-e NEF-ron) Nephron 
with exceptionally long loop that dips deep into the renal medulla. 

K 

keratin (KER-ah-tin) Protein that thiekens and proteets the skin; 
makes up hair and nails. 

ketoaeidosis (ke-to-as-ih-DO-sis) Aeidosis that results from accumula- 
tion of ketone bodies in the blood. 

ketone (KE-tone) Aeidie organie compound formed metabolieally 
from the ineomplete oxidation of fats. 
kidney (KID-ne) Organ of excretion, hormone synthesis, and blood 
pressure regulation. 

kiloealorie (kil-o-KAL-o-re) (keal) Measure of the energy eontent of 
food; teehnieally, the amount of heat needed to raise 1 kg of water 
1°C; ealorie (C). 

kinesthesia (kin-es-THE-ze-ah) Sense of body movement. 

Kupffer (KOOP-fer) eells Maerophages in the liver that help to fight 
infeetion. 

L 

labium (LA-be-um) Lip; pl., labia (LA-be-ah). 
labor (LA-bor) Parturition; ehildbirth. 

labyrinth (LAB-ih-rinth) Inner ear, named for its complex shape; maze. 
laerimal (LAK-rih-mal) Referring to tears or the tear glands. 
laerimal (LAK-rih-mal) apparatus Laerimal (tear) gland and its assoei- 
ated ducts. 

laerimal gland Gland above the eye that seeretes tears. 
laetase (LAK-tase) Enzyme that aids in the digestion of laetose. 
laetation (lak-TA-shun) Seeretion of milk. 

laeteal (LAK-te-al) Lymphatie eapillary that drains digested fats from 
the villi of the small intestine. 

laetie (LAK-tik) aeid Organie aeid produced from pyruvate during 
rapid earbohydrate metabolism. 

laryngopharynx (lah-rin-go-FAR-inks) Lowest portion of the pharynx, 
opening into the larynx and esophagus. 
larynx (LAR-inks) Structure between the pharynx and traehea that 
eontains the voeal eords; voiee box. 
lateral (LAT-er-al) Farther from the midline; toward the side. 
lens Biconvex structure of the eye that ehanges in thiekness to aeeom- 
modate near and far vision; erystalline lens. 
leptin (LEP-tin) Hormone produced by adipoeytes that aids in 
weight eontrol by deereasing food intake and inereasing energy 
expenditure. 


leukocyte (LU-ko-site) White blood eell. 

LH See luteinizing hormone. 

ligament (LIG-ah-ment) Band of eonneetive tissue that eonneets a bone 
to another bone; thiekened portion or fold of the peritoneum that 
supports an organ or attaehes it to another organ. 
ligand (LIG-and) Substance that binds to a reeeptor in the plasma 
membrane or within the eell. 

limbie (LIM-bik) system Area between the brain’s eerebmm and 
dieneephalon that is involved in emotional states, memory, and 
behavior. 

lingual (LING-gwal) Pertaining to the tongue. 
lipase (Ll-pase) Enzyme that aids in fat digestion. 
lipid (LlP-id) Type of organie compound, one example of which is a 
fat. 

liter (LE-ter) (L) Basie unit of volume in the metrie system; 1,000 mL; 
1.06 qt. 

liver (LlV-er) Large organ inferior to the diaphragm in the superior 
right abdomen; has many functions, including bile seeretion, 
detoxification, storage, and intereonversion of nutrients. 
lobe Subdivision of an organ, as of the eerebmm, liver, or lung. 
loop of Henle (HEN-le) See nephron loop. 

lumbar (LUM-bar) Pertaining to the region of the spine between the 
thoraeie vertebrae and the saemm. 
lumen (LU-men) Central opening of an organ or vessel. 
lung Organ of respiration. 

lunula (LU-nu-la) Pale half-moon-shaped area at the proximal end of 
the nail. 

luteinizing (LU-te-in-i-zing) hormone (LH) Hormone produced by the 
anterior pimitary that induces ovulation and formation of the 
corpus luteum in females; in males, it stimulates eells in the testes 
to produce testosterone. 
lymph (limf) Fluid in the lymphatie system. 

lymph node Mass of lymphoid tissue along the path of a lymphatie 
vessel that filters lymph and harbors white blood eells aetive in 
immunity. 

lymphatie duct (lim-FAH-tie) One of two large vessels draining lymph 
from the lymphatie system into the venous system. 
lymphatie system System eonsisting of the lymphatie vessels and lym- 
phoid tissue; involved in immunity, digestion, and fluid balanee. 
lymphoeyte (LIM-fo-site) Agranular white blood eell that functions in 
acquired immunity. 

lysis (LI-sis) Loosening, dissolving, or separating; a gradual deeline, 
as of a fever. 

lysosome (Ll-so-some) Cell organelle that eontains digestive enzymes. 

M 

maerophage (MAK-ro-faj) Large phagoeytie eell that develops from a 
monoeyte; presents antigen to other leukocytes in immune response. 
macula (MAK-u-lah) Spot; flat, diseolored spot on the skin, such as a 
freekle or measles. Area of the retina that eontains the point of 
sharpest vision; equilibrium reeeptor in the vestibule of the inner 
ear. Also macule. 

macula lutea (MAK-u-lah LU-te-ah) Area of the retina that eontains 
the fovea eentralis, the point of sharpest vision. 
magnetie resonanee imaging (MRI) Method for studying tissue based 
on nuclear movement after exposure to radio waves in a powerful 
magnetie field. 

major histoeompatibility complex (MHC) Group of genes that eodes 
for speeifie proteins (antigens) on cellular surfaces; these antigens 
are important in eross-matehing for tissue transplantation; they 
are also important in immune reaetions. 

MALT Mucosal-associated lymphoid tissue; tissue in the mucous 
membranes that helps fight infeetion. 
maltase (MAL-tase) Enzyme that aids in the digestion of maltose. 
mammary (MAM-er-e) gland Milk-seereting portion of the breast. 
marrow (MAH-ro) Any soft, gelatinous material resembling bone 
marrow. 

mast eell White blood eell related to a basophil that is present in tis- 
sues; aetive in inflammatory and allergie reaetions. 
mastieation (mas-tih-KA-shun) Aet of chewing. 

matrix (MA-triks) The acellular background material in a tissue; the 
intercellular material. 
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meatus (me-A-tus) Short ehannel or passageway, such as the external 
opening of a eanal or a ehannel in bone. 
medial (ME-de-al) Nearer the midline of the body. 
mediastinum (me-de-as-TI-num) Region between the lungs and the 
organs and vessels it eontains. 
medulla (meh-DUL-lah) Inner region of an organ; marrow. 
medullary (MED-u-lar-e) eavity Channel at the eenter of a long bone 
that eontains yellow bone marrow. 

medulla oblongata (ob-long-GAH-tah) Part of the brain stem that eon- 
neets the brain to the spinal eord. 

megakaryoeyte (meg-ah-KAR-e-o-site) Very large bone marrow eell 
that gives rise to blood platelets. 

meibomian (mi-BO-me-an) gland Gland that produces a seeretion that 
lubricates the eyelashes. 

meiosis (mi-O-sis) Proeess of eell division that halves the ehromosome 
number in the formation of the gametes. 
melanin (MEL-ah-nin) Dark pigment found in the skin, hair, parts of 
the eye, and eertain parts of the brain. 
melanoeyte (MEL-ah-no-site) Cell that produces melanin. 
melatonin (mel-ah-TO-nin) Hormone produced by the pineal gland. 
membrane (MEM-brane) Thin sheet of tissue; lipid bilayer surround- 
ing a eell or an organelle. 

membrane attaek complex (MAC) Channel in a pathogen’s membrane 
caused by the aetion of eomplement and aiding in destmetion of 
the eell. 

membrane potential (po-TEN-shal) Differenee in eleetrie eharge on 
either side of a plasma membrane; transmembrane potential. 
membranous labyrinth (LAB-ih-rinth) The inner membranous portion 
of the inner ear that is filled with endolymph. 

Mendelian (men-DE-le-en) laws Prineiples of heredity diseovered by an 
Austrian monk named Gregor Mendel. 
meninges (men-IN-jeze) Three layers of fibrous membranes that eover 
the brain and spinal eord. 

menopause (MEN-o-pawz) Time during which menstmation eeases. 
menses (MEN-seze) Monthly flow of blood from the female reproduc- 
tive traet. 

menstmation (men-stru-A-shun) Period of menstrual flow. 
mesentery (MES-en-ter-e) Connective tissue membrane that attaehes 
the small intestine to the dorsal abdominal wall. 
mesoeolon (mes-o-KO-lon) Connective tissue membrane that attaehes 
the eolon to the dorsal abdominal wall. 
mesothelium (mes-o-THE-le-um) Epithelial tissue found in serous 
membranes. 

metabolie rate Rate at which energy is released from nutrients in the 
eells. 

metabolism (meh-TAB-o-lizm) All the physieal and ehemieal proeesses 
by which an organism is maintained. 
metaphase (MET-ah-faze) Seeond stage of mitosis, during which the 
ehromosomes line up aeross the equator of the eell. 
meter (ME-ter) (m) Basie unit of length in the metrie system; 1.1 yards. 
MHC See major histoeompatibility complex. 

mieroglia (mi-KROG-le-ah) Glial eells that aet as phagoeytes in the 

CNS. 

mierometer (Ml-kro-me-ter) (mem) l/l,000th of a millimeter; an 
instmment for measuring through a mieroseope (pronounced 
mi-KROM-eh-ter). 

mieroseope (Ml-kro-skope) Magnifying instmment used to examine 
eells and other structures not visible with the naked eye; examples 
are the compound light mieroseope, transmission eleetron miero- 
seope (TEM), and seanning eleetron mieroseope (SEM). 
mierovilli (mi-kro-VIL-li) Small projeetions of the plasma membrane 
that inerease surface area; sing., microvillus. 
micturition (mik-tu-RISH-un) Aet of urination; voiding of the urinary 
bladder. 

midbrain Upper portion of the brain stem. 

milliosmole (mil-e-OZ-mole) One thousandth of an osmole, a measure 
of osmotie eoneentration. 

mineral (MIN-er-al) inorganie substance; in the diet, an element 
needed in small amounts for health. 
mineraloeortieoid (min-er-al-o-KOR-tih-koyd) Steroid hormone 
from the adrenal cortex that regulates eleetrolyte balanee, e.g., 
aldosterone. 

misearriage Loss of an embryo or fetus; spontaneous abortion. 


mitoehondria (mi-to-KON-dre-ah) Cellular organelles that manufac- 
ture ATP with the energy released from the oxidation of nutri- 
ents; sing., mitoehondrion. 

mitosis (mi-TO-sis) Type of eell division that produces two daughter 
eells exactly like the parent eell. 

mitral (Ml-tral) valve Valve between the heart’s left atrium and left 
ventriele; left AV valve; bicuspid valve. 
mixture Blend of two or more substances. 

molecule (MOL-eh-kule) Partiele formed by eovalent bonding of two 
or more atoms; smallest subunit of a compound. 
monoeyte (MON-o-site) Phagoeytie agranular white blood eell that 
differentiates into a maerophage. 

monomer (MON-o-mer) Building bloek or single unit of a larger 
molecule. 

monosaeeharide (mon-o-SAK-ah-ride) Simple sugar; basie unit of 
earbohydrates. 

morula (MOR-u-lah) An early stage in embryonie development; a ball 
of identieal eells formed by cellular division from a zygote. 
motor (MO-tor) Deseribing structures or aetivities involved in trans- 
mitting impulses away from the eentral nervous system; efferent. 
motor end plate Region of a muscle eell membrane that reeeives ner- 
vous stinmlation. 

motor unit Group eonsisting of a single neuron and all the muscle 
fibers it stimulates. 

mouth Proximal opening of the digestive traet where food is ingested, 
chewed, mixed with saliva, and swallowed. 

MRI See magnetie resonanee imaging. 

mucosa (mu-KO-sah) Epithelial membrane that produces mucus; 
mucous membrane. 

mucus (MU-kus) Thiek proteetive fluid seereted by mucous mem- 
branes and glands; adj., mucous. 
murmur Abnormal heart sound. 

muscle (MUS-1) Tissue that eontraets to produce movement or tension; 

includes skeletal, smooth, and eardiae types; adj., muscular. 
muscular (MUS-ku-lar) system The system of skeletal nmseles that 
moves the skeleton, supports and proteets the organs, and main- 
tains posture. 

mutagen (MU-tah-jen) Agent that causes mutation; adj., mutagenic 
(mu-tah-JEN-ik). 

mutation (mu-TA-shun) Change in a gene or a ehromosome. 
myelin (Ml-el-in) Fatty material that eovers and insulates the axons of 
some neurons. 

myocardium (mi-o-KAR-de-um) Middle layer of the heart wall; heart 
muscle. 

myoglobin (Ml-o-glo-bin) Compound that stores oxygen in muscle 
eells. 

myometrium (mi-o-ME-tre-um) Muscular layer of the uterus. 
myosin (Ml-o-sin) One of the two eontraetile proteins in muscle eells, 
the other being aetin. 


N 

nasopharynx (na-zo-FAR-inks) Upper portion of the pharynx loeated 
posterior to the nasal eavity. 

natural killer (NK) eell Type of lymphoeyte that ean nonspeeifieally 
destroy abnormal eells. 

negative feedbaek Self-regulating system in which the result of an 
aetion reverses that aetion; a method for keeping body eonditions 
within a normal range and maintaining homeostasis. 
nephron (NEF-ron) Mieroseopie functional unit of the kidney; eonsists 
of the glomerulus and the renal tubule. 
nephron loop Hairpin-shaped segment of the renal tubule between the 
proximal and distal tubules; loop of Henle. 
nerve Bundle of neuron fibers outside the eentral nervous system. 
nerve impulse Eleetrie eharge that spreads along the membrane of a 
neuron; aetion potential. 

nervous system (NER-vus) The system that transports information in 
the body by means of eleetrie impulses and neurotransmitters. 
neurilemma (nu-rih-LEM-mah) Thin sheath that eovers eertain periph- 
eral axons; aids in axon regeneration. 
neuroglia (nu-ROG-le-ah) Supporting and proteetive eells of the ner- 
vous system; glial eells. 
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neuromuscular junction Point at which a neuron’s axon eontaets a 
muscle eell. 

neuron (NU-ron) Conducting eell of the nervous system. 
neurotransmitter (nu-ro-TRANS-mit-er) Chemical released from the 
ending of an axon that enables a nerve impulse to eross a ehemi- 
eal synapse. 

neutron (NU-tron) Noneharged partiele in an atom’s nucleus. 
neutrophil (NU-tro-fil) Phagoeytie granular white blood eell; poly- 
morph; poly; PMN; seg. 

nitrogen (Nl-tro-jen) Chemical element found in all proteins. 
node Small mass of tissue, such as a lymph node; spaee between eells 
in the myelin sheath. 

norepinephrine (nor-epi-ih-NEF-rin) Neurotransmitter similar in eom- 
position and aetion to the hormone epinephrine; noradrenaline. 
normal saline isotonie or physiologie salt solution. 
nucleic aeid (nu-KLE-ik) Complex organie substance eomposed of 
nucleotides; DNA and RNA. 

nucleolus (nu-KLE-o-lus) Small unit within the nucleus that assembles 
ribosomes. 

nucleotide (NU-kle-o-tide) Building bloek of DNA and RNA; one is 
also a eomponent of ATP. 

nucleus (NU-kle-us) Largest cellular organelle, eontaining the DNA, 
which direets all eell aetivities; group of neurons in the eentral 
nervous system; in ehemistry, the eentral part of an atom. 

O 

obstetries (ob-STET-riks) Braneh of medieine that is eoneerned with 
the eare of women during pregnaney, ehildbirth, and the six 
weeks after ehildbirth. 

occlusion (ok-LU-zhun) Oosing, as of a vessel. 
olfaetion (ol-FAK-shun) Sense of smell; adj., olfaetory. 
oligodendroeyte (ol-ih-go-DEN-dro-site) Type of neuroglial eell that 
forms the myelin sheath in the CNS. 
omentum (o-MEN-tum) Portion of the peritoneum; greater omentum 
extends over the anterior abdomen; lesser omentum extends 
between the stomaeh and liver. 
ophthalmie (of-THAL-mik) Pertaining to the eye. 
ophthalmology (of-thal-MOL-o-je) Study of the eye and diseases of 
the eye. 

ophthalmoseope (of-THAL-mo-skope) Instmment for examining the 
posterior (fundus) of the eye. 

organ (OR-gan) Body part eontaining two or more tissues functioning 
together for speeifie purposes. 
organ of Corti (KOR-te) See spiral organ. 
organelle (or-gan-EL) Speeialized subdivision within a eell. 
organie (or-GAN-ik) Referring to the typieally large and complex ear- 
bon compounds found in living things; eontain hydrogen and 
usually oxygen as well as other elements. 
organism (OR-gan-izm) Any organized living thing, such as a plant, 
animal, or mieroorganism. 

origin (OR-ih-jin) Source; beginning; muscle attaehment eonneeted to 
a nonmoving part. 

oropharynx (o-ro-FAR-inks) Middle portion of the pharynx, loeated 
behind the mouth. 

osmolarity (os-mo-LAR-ih-te) Term that refers to the solute eoneentra- 
tion of a sohition; osmotie eoneentration. 
osmosis (os-MO-sis) Passage of water through a semipermeable mem- 
brane from the region of lower solute eoneentration to the region 
of higher solute eoneentration. 

osmotie (os-MOT-ik) pressure Tendeney of a solution to draw water 
into it; direetly related to a solution’s eoneentration. 
osseus (OS-e-us) Pertaining to bone tissue. 

ossiele (OS-ih-kl) One of three small bones of the middle ear: malleus, 
incus, or stapes. 

ossifieation (os-ih-fih-KA-shun) Proeess of bone formation. 
osteoblast (OS-te-o-blast) Bone-forming eell. 
osteoelast (OS-te-o-elast) Cell that breaks down bone. 
osteoeyte (OS-te-o-site) Mature bone eell; maintains bone but does not 
produce new bone tissue. 

osteon (OS-te-on) Subunit of eompaet bone, eonsisting of eoneentrie 
rings of bone tissue around a eentral ehannel; haversian system. 
otolithie (o-to-LITH-ik) membrane Gelatinous material eovering the 
tips of equilibrium reeeptor eells in the vestibule of the inner ear. 


otoliths (O-to-liths) Crystals that add weight to the otolithie mem- 
brane of equilibrium reeeptors in the vestibule of the inner ear. 
oval window Area of the inner ear where sound waves are transmitted 
from the footplate of the stapes to the fluids in the spiral organ. 
ovarian folliele (o-VA-re-an FOL-ih-kl) Cluster of eells eontaining an 
ovum. A folliele ean mature during a menstrual eyele and release 
its ovum. 

ovary (O-vah-re) Female reproductive organ; produces ova and female 
sex steroids. 

oviduct (0-vih-dukt) See uterine tube. 

ovulation (ov-u-LA-shun) Release of an ovum from a mature ovarian 
folliele (graafian folliele). 

ovum (0-vum) Female reproductive eell or gamete; pl., ova. 
oxidation (ok-sih-DA-shun) Chemical breakdown of nutrients for 
energy usually using oxygen. 

oxygen (OK-sih-jen) (0 7 ) Gas needed to break down nutrients eom- 
pletely for energy within the eell. 

oxytocin (ok-se-TO-sin) Hormone from the posterior pituitary that 
causes uterine eontraetion and milk ejeetion (“letdown”) from 
the breasts. 

P 

paeemaker Group of eells or artifieial deviee that sets aetivity rate; 
in the heart, the sinoatrial (SA) node that normally initiates 
eontraetions. 

palate (PAL-at) Roof of the oral eavity; anterior portion is hard palate, 
posterior portion is soft palate. 

panereas (PAN-kre-as) Large, elongated gland behind the stom- 
aeh; produces digestive enzymes and hormones (e.g., insulin, 
glucagon). 

papilla (pah-PIL-ah) Small nipple-like projeetion or elevation. 
papillary muscles (PAP-ih-lar-e) Columnar nmseles in the heart’s ven- 
tricular walls that anehor and pull on the ehordae tendineae to 
prevent the valve flaps from everting when the ventrieles eontraet. 
parasympathetie nervous system Craniosacral division of the auto- 
nomie nervous system; generally reverses the fight or flight 
(stress) response. 

parathyroid (par-ah-THI-royd) gland Any of four to six small glands 
embedded in the capsule enelosing the thyroid gland; produces 
parathyroid hormone, which raises blood calcium level by causing 
calcium release from bones and calcium retention in the kidney. 
parietal (pah-RI-eh-tal) Pertaining to the wall of a spaee or eavity. 
parotid (pah-ROT-id) gland Salivary gland loeated inferior and ante- 
rior to the ear. 

partial pressure Pressure of an individual gas within a mixture. 
parturition (par-tu-RISH-un) Childbirth; labor. 

pedigree (PED-ih-gre) ehart Family history; used in the study of hered- 
ity; family tree. 

pelvis (PEL-vis) Basin-like structure, such as the lower portion of the 
abdomen or the upper flared portion of the ureter (renal pelvis). 
penis (PE-nis) Male organ of urination and sexual intercourse. 
perforating eanal Channel aeross a long bone that eontains blood ves- 
sels and nerves; Volkmann eanal. 

pericardium (per-ih-KAR-de-um) Fibrous sae lined with serous mem- 
brane that eneloses the heart. 

periehondrmm (per-ih-KON-dre-um) Layer of eonneetive tissue that 
eovers eartilage. 

perilymph (PER-e-limf) Fluid that fills the inner ear’s bony labyrinth. 
perimysium (per-ih-MIS-e-um) Connective tissue around a faseiele of 
muscle tissue. 

perineum (per-ih-NE-um) Pelvie floor; external region between the 
anus and genital organs. 

periosteum (per-e-OS-te-um) Connective tissue membrane eovering a 
bone. 

peripheral (peh-RIF-er-al) Loeated away from a eenter or eentral 
structure. 

peripheral nervous system (PNS) All the nerves and nervous tissue out- 
side the eentral nervous system. 

peristalsis (per-ih-STAL-sis) Wavelike movements in the wall of an 
organ or duct that propel its eontents forward. 
peritoneum (per-ih-to-NE-um) Serous membrane that lines the abdom- 
inal eavity and forms the outer layer of the abdominal organs; 
forms supporting ligaments for some organs. 
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peroxisome (per-OK-sih-some) Cell organelle that enzymatieally 
destroys harmful substances produced in metabolism. 

Peyer (Pl-er) patehes Clusters of lymphatie nodules in the mucous 
membranes lining the distal small intestine. 
pH Symbol indieating hydrogen ion (H + ) eoneentration; lower num- 
bers indieate a higher H + eoneentration and higher aeidity. 
phagoeyte (FAG-o-site) Cell eapable of engulfing large partieles, such as 
foreign matter or cellular debris, through the plasma membrane. 
phagoeytosis (fag-o-si-TO-sis) Engulfing of large partieles through the 
plasma membrane. 

pharynx (FAR-inks) Throat; passageway between the mouth and 
esophagus. 

phenotype (FE-no-tipe) All the eharaeteristies of an organism that ean 
be seen or tested for. 

phospholipid (fos-fo-FIP-id) Complex lipid eontaining phosphoms; 

major eomponent of the plasma membrane. 
phrenie (FREN-ik) Pertaining to the diaphragm. 
phrenie nerve Nerve that aetivates the diaphragm. 
physiology (fiz-e-OF-o-je) Study of the fimetion of living organisms. 
pia mater (Pl-ah MA-ter) Innermost layer of the meninges. 
pineal (PIN-e-al) gland Gland in the brain that is regulated by light; 
involved in sleep-wake eyeles. 

pinna (PIN-nah) Outer projeeting portion of the ear; auricle. 
pinoeytosis (pi-no-si-TO-sis) Intake of small partieles and droplets by 
a eell’s plasma membrane. 

pituitary (pih-TU-ih-tar-e) gland Endoerine gland loeated under and 
eontrolled by the hypothalamus; releases hormones that eontrol 
other glands; hypophysis. 

plaeenta (plah-SEN-tah) Structure that nourishes and maintains the 
developing fetus during pregnaney. 

plantar flexion (PFAN-tar FFEK-shun) Bending the foot so that the 
toes point downward. 

plasma (PFAZ-mah) Fiquid portion of the blood. 
plasma eell Cell derived from a B eell that produces antibodies. 
plasma membrane Outer eovering of a eell; regulates what enters and 
leaves the eell; eell membrane. 

plasmapheresis (plas-mah-fer-E-sis) Separation and removal of plasma 
from donated blood and return of the formed elements to the 
donor. 

platelet (PFATE-let) Cell fragment that forms a plug to stop bleeding 
and aets in blood elotting; thromboeyte. 
pleura (PFU-rah) Serous membrane that lines the ehest eavity and eov- 
ers the lungs. 

plexus (PFEK-sus) Network of vessels or nerves. 

PNS See peripheral nervous system. 

polymorph (POF-e-morf) Term for a neutrophil; polymorphonuclear 
neutrophil. 

polysaeeharide (pol-e-SAK-ah-ride) Compound formed from many 
simple sugars linked together (e.g., stareh, glyeogen). 
pons (ponz) Area of the brain between the midbrain and medulla; eon- 
neets the cerebellum with the rest of the eentral nervous system. 
portal system Venous system that earries blood to a seeond eapillary 
bed through which it circulates before returning to the heart. 
positive feedbaek Control system in which an aetion or the product of 
an aetion maintains or intensifies that aetion. The aetion stops 
when materials are depleted, the stimulus is removed, or an out- 
side foree interrupts the aetion. 

positron emission tomography (to-MOG-rah-fe) (PET) Imaging 
method that uses a radioaetive substance to show aetivity in an 
organ. 

posterior (pos-TE-re-or) Toward the baek; dorsal. 
postsynaptie (post-sin-AP-tik) Distal to the synaptie eleft. 
potential (po-TEN-shal) Eleetrie eharge, as on the plasma membrane 
of a neuron or other eell; potential differenee, membrane poten- 
tial, or transmembrane potential. 

preeipitation (pre-sip-ih-TA-shun) Settling out of a solid previously 
held in solution or suspension in a liquid; in imrmmity, clumping 
of small partieles as a result of an antigen-antibody reaetion; seen 
as a cloudiness. 

prefix A word part that eomes before a root and modifies its meaning. 
pregnaney (PREG-nan-se) Period during which an embryo or fetus is 
developing in the body. 

prepuce (PRE-puse) Loose fold of skin that eovers the glans penis; 
foreskin. 


presynaptie (pre-sin-AP-tik) Proximal to the synaptie eleft. 
preterm (PRE-term) Referring to an infant born before the 37th week 
of gestation. 

prime mover The main muscle that produces a given movement. 

PRL See prolaetin. 

progeny (PROJ-eh-ne) Offspring, deseendent. 

progesterone (pro-JES-ter-one) Hormone produced by the corpus 
luteum and plaeenta; maintains the uterine lining for pregnaney. 
prolaetin (pro-LAK-tin) Hormone from the anterior pituitary that 
stimulates milk production in the mammary glands; PRL. 
pronation (pro-NA-shun) Turning the palm down or backward. 
prone Faee down or palm down. 

prophase (PRO-faze) First stage of mitosis, during which the ehromo- 
somes beeome visible and the organelles disappear. 
proprioeeptor (pro-pre-o-SEP-tor) Sensory reeeptor that aids in judg- 
ing body position and ehanges in position; loeated in muscles, 
tendons, and joints. 

prostaglandin (pros-tah-GLAN-din) Any of a group of hormones pro- 
duced by many eells that usually aet on neighboring eells; these 
hormones are involved in pain and inflammation, as well as many 
other functions. 

prostate (PROS-tate) gland Gland that surrounds the urethra below 
the bladder and contributes seeretions to the semen. 
protein (PRO-tene) Organie compound made of amino aeids; found 
as structural materials and metabolieally aetive compounds, such 
as enzymes, some hormones, pigments, antibodies, and others. 
proteome (PRO-te-ome) All the proteins that ean be expressed in a eell. 
prothrombin (pro-THROM-bin) Clotting faetor; eonverted to throm- 
bin during blood elotting. 

prothrombinase (pro-THROM-bih-nase) Blood elotting faetor that 
eonverts prothrombin to thrombin. 
proton (PRO-ton) Positively eharged partiele in an atom’s nucleus. 
May also refer to the hydrogen ion (H + ), which eonsists of a 
single proton. 

proximal (PROK-sih-mal) Nearer to point of origin or to a referenee point. 
puerperal (pu-ER-per-al) Related to ehildbirth. 

pulmonary ventilation (ven-tih-LA-shun) Exchange of air between the 
atmosphere and the alveoli of the lungs 
pulmonary circuit Pathway that earries blood from the heart to the 
lungs to piek up oxygen and release earbon dioxide and then 
returns the blood to the heart. 

pulse Wave of inereased pressure in the vessels produced by heart 
eontraetion. 

pulse pressure Differenee between systolie and diastolie pressures. 
pupil (PU-pil) Opening in the eenter of the eye through which light enters. 
Purkinje (pur-KIN-je) fibers Part of the heart’s conduction system 
loeated in the ventrieles. 

pylorie (pi-LOR-ik) Pertaining to the pyloms, the distal region of the 
stomaeh. 

pylorus (pi-LOR-us) Distal region of the stomaeh that leads to the 
pylorie sphineter. 

pyruvic (pi-RU-vik) aeid Intermediate product in the breakdown of 
glucose for energy. 


R 

radiation (ra-de-A-shun) Emission of rays, as of light, radio, or heat 
waves, ultraviolet, or x-rays. Method of heat loss by heat waves 
traveling from their source. 

radioaetive (ra-de-o-AK-tive) Pertaining to isotopes that fall apart eas- 
ily, giving off radiation. 

radioaetivity (ra-de-o-ak-TIV-ih-te) Emission of atomie partieles from 
an element. 

radiography (ra-de-og-rah-fe) Production of an image by passage of 
x-rays through the body onto sensitized film; reeord produced is 
a radiograph. 

reabsorption (re-ab-SORP-shun) Absorbing or taking up again. 

reeeptor (re-SEP-tor) Speeialized eell or ending of a sensory neuron that 
ean be excited by a stimulus. Protein in the plasma membrane or 
other part of a eell that binds a ehemieal signal (e.g., hormone, 
neurotransmitter) resulting in a ehange in cellular aetivity. 

reeessive (re-SES-iv) Referring to an allele that is not expressed in the 
phenotype if a dominant allele for the same trait is present. 
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rectum (REK-tum) Distal region of the large intestine between the sig- 
moid eolon and the anal eanal. 

reflex (RE-fleks) Simple, rapid, automatic response to a speeifie 
stimulus. 

reflex are (ark) Pathway through the nervous system from stimulus to 
response; eommonly involves a sensory reeeptor, sensory neuron, 
eentral neuron(s), motor neuron, and effeetor. 
refraetion (re-FRAK-shun) Bending of light rays as they pass from one 
medium to another of a different density. 
relaxin (re-LAKS-in) Plaeental hormone that softens the cervix and 
relaxes the pelvie joints. 

renal tubule Coiled and looped portion of a nephron between the glo- 
merular capsule and the eolleeting duct. 
renin (RE-nin) Enzyme released from the kidney’s juxtaglomerular 
apparatus that indireetly inereases blood pressure by aetivating 
angiotensin. 

repolarization (re-po-lar-ih-ZA-shun) A ehange in the membrane 
potential that brings it eloser to the resting value. 
resorption (re-SORP-shun) Loss of substance from a solid tissue, such 
as bone or a tooth, and return of the eomponents to the blood. 
respiration (res-pih-RA-shun) Proeess by which oxygen is obtained 
from the environment and delivered to the eells as earbon dioxide 
is removed from the tissues and released to the environment. 
respiratory system System eonsisting of the lungs and breathing pas- 
sages involved in exchange of oxygen and earbon dioxide between 
the outside air and the blood. 

reticular (reh-TIK-u-lar) formation Network in the limbie system that 
governs wakefulness and sleep. 

reticulocyte (reh-TIK-u-lo-site) Immature form of erythroeyte. 
retina (RET-ih-nah) Innermost layer of the eye; eontains light-sensitive 
eells (rods and eones). 

retroperitoneal (ret-ro-per-ih-to-NE-al) Behind the peritonemn, as are 
the kidneys, panereas, and abdominal aorta. 

Rh faetor Red eell antigen; D antigen. 

rhodopsin (ro-DOP-sin) Light-sensitive pigment in the rods of the eye. 
rib One of the slender ernved bones that make up most of the thorax; 
eosta; adj., eostal. 

ribonucleic (RI-bo-nu-kle-ik) aeid (RNA) Substance needed for protein 
manufacture in the eell. 

ribosome (Rl-bo-some) Small body in the eell’s eytoplasm that is a site 
of protein manufacture. 

RNA See ribomieleie aeid. 

rod Reeeptor eell in the retina of the eye; used for vision in dim light. 
roentgenogram (rent-GEN-o-gram) Image produced by means of 
x-rays; radiograph. 

root (rute) a basie part of a word; an attaehed or embedded part, such 
as a nail or hair root. The branehed portion of a spinal nerve that 
joins with the spinal eord. See also word root. 
rotation (ro-TA-shun) Twisting or tmning of a bone on its own axis. 
rugae (RU-je) Folds in the lining of an organ, such as the stomaeh or 
rninary bladder; sing., ruga (RU-gah). 


S 

sacrum (SA-krum) Portion of the vertebral column between the lumbar 
vertebrae and coccyx. It is formed of five fused bones and eom- 
pletes the posterior part of the bony pelvis. 

sagittal (SAJ-ih-tal) Referring to a plane that divides the body into left 
and right portions. 

saliva (sah-LI-vah) Seeretion of the salivary glands; moistens food and 
eontains an enzyme that digests stareh. 

salt Compound formed by reaetion between an aeid and a base (e.g., 
NaCl, table salt). 

saltatory (SAL-tah-to-re) conduction Transmission of an eleetrie 
impulse from node to node along a myelinated fiber; faster than 
continuous conduction along the entire membrane. 

SA node See sinoatrial node. 

sareomere (SAR-ko-mere) Contracting subunit of skeletal muscle. 

sareoplasmie reticulum (sar-ko-PLAS-mik re-TIK-u-lum) (SR) 
Intracellular membranous organelle in muscle eells that is equiva- 
lent to the endoplasmie reticulum (ER) in other eells; stores eal- 
cium needed for muscle eontraetion. 

saturated fat Fat that has more hydrogen atoms and fewer double 
bonds between earbons than do unsaturated fats. 


sear Fibrous eonneetive tissue that replaees normal tissues destroyed 
by injrny or disease; cicatrix (SIK-ah-triks). 

Schwann (shvahn) eell Cell in the nervous system that produces the 
myelin sheath around peripheral axons. 
selera (SKLE-rah) Outermost layer of the eye; made of tough eonnee- 
tive tissue; “white” of the eye. 
scrotum (SKRO-tum) Sae in which testes are suspended. 
sebaceous (seh-BA-chus) Pertaining to sebum, an oily substance 
seereted by skin glands. 

sebum (SE-bum) Oily seeretion that hibrieates the skin; adj., sebaceous 
(se-BA-shus). 

seeretin (se-KRE-tin) Hormone from the duodenum that stimulates 
panereatie release of water and biearbonate. 
segmentation (seg-men-TA-shun) Alternating eontraetion and relax- 
ation of the circular muscle in the small intestine’s wall that mix 
its eontents with digestive juices and move them through the 
organ. 

seleetively permeable Deseribing a membrane that regulates what ean 
pass through (e.g., a eell’s plasma membrane). 
sella turcica (SEL-ah TUR-sih-ka) Saddle-like depression in the floor of 
the skull that holds the pituitary gland. 
semen (SE-men) Mixture of sperm eells and seeretions from several 
glands of the male reproductive traet. 
semicircular eanal One of three curved ehannels of the inner ear where 
reeeptors for rotational equilibrium are loeated. 
semilunar (sem-e-LU-nar) Shaped like a half-moon, such as the flaps of 
the pulmonary and aortie valves. 

seminal vesiele (VES-ih-kl) Gland that contributes seeretions to the 
semen. 

seminiferous (seh-mih-NIF-er-us) tubules Tubules in which sperm eells 
develop in the testis. 

semipermeable (sem-e-PER-me-ah-bl) Permeable (passable) to some 
substances but not to others, as deseribes the cellular plasma 
membrane. 

sensory (SEN-so-re) Deseribing eells or aetivities involved in transmit- 
ting impulses toward the eentral nervous system; afferent. 
sensory adaptation Gradual loss of sensation when sensory reeeptors 
are exposed to continuous stimulation. 
sensory reeeptor Part of the nervous system that deteets a stimulus. 
septum (SEP-tum) Dividing wall, as between the ehambers of the heart 
or the nasal eavities. 

serosa (se-RO-sah) Serous membrane; epithelial membrane that 
seeretes a thin, watery fluid. 

serotonin (ser-o-TO-nin) Neurotransmitter involved in mood and 
other eognitive functions. 

Sertoli eells See sustentacular eells. 

serum (SE-rum) Liquid portion of blood without elotting faetors; thin, 
watery fluid; adj., serous (SE-rus). 

sex-linked Referring to a gene earried on a sex ehromosome, usually 
the X ehromosome. 

siekle eell anemia Hereditary disease in which abnormal hemoglobin 
causes red blood eells to ehange shape (siekle) when they release 
oxygen; siekle eell disease. 

sigmoidoseope (sig-MOY-do-skope) Endoseope used to examine the 
rectum and lower eolon. 

sign (sine) Manifestation of a disease as noted by an observer. 
sinoatrial (si-no-A-tre-al) (SA) node Tissue in the right atrmm’s upper 
wall that sets the rate of heart eontraetions; the heart’s paeemaker. 
sinus (SI-nus) Cavity or ehannel, such as the paranasal sinuses in the 
skull bones. 

sinus rhythm Normal heart rhythm originating at the SA node. 
simisoid (SI-nus-oyd) Enlarged eapillary that serves as a blood ehannel. 
skeletal (SKEL-eh-tal) system The body system that includes the bones 
and joints. 

skeleton (SKEL-eh-ton) Bony framework of the body; adj., skeletal. 
skull Bony framework of the head. 

sodium (SO-de-um) Positive ion found in body fluids and important in 
fluid balanee, nerve impulse conduction, and aeid-base balanee. 
solute (SOL-ute) Substance that is dissolved in another substance (the 
solvent). 

solution (so-LU-shun) Homogeneous mixture of one substance dis- 
solved in another; the eomponents in a mixture are evenly dis- 
tributed and eannot be distinguished from eaeh other. 
solvent (SOL-vent) Substance in which another substance (the solute) 
is dissolved. 
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somatie (so-MAT-ik) nervous system Division of the nervous system 
that eontrols voluntary aetivities and stimulates skeletal muscle. 
somatotropin (so-mah-to-TRO-pin) Growth hormone. 
speeifie gravity Weight of a substance as eompared to the weight of an 
equal volume of pure water. 

spermatie (sper-MAT-ik) eord Cord that extends through the inguinal 
eanal and suspends the testis; eontains blood vessels, nerves, and 
ductus deferens. 

spermatozoon (sper-mah-to-ZO-on) Male reproductive eell or gamete; 
pl., spermatozoa; sperm eell. 

sphineter (SFINK-ter) Muscular ring that regulates the size of an 
opening. 

sphygmomanometer (sfìg-mo-mah-NOM-eh-ter) Deviee used to mea- 
sure blood pressure; blood pressure apparatus or cuff. 
spinal eord Nervous tissue eontained in the spinal column; major relay 
area between the brain and the peripheral nervous system. 
spine Vertebral column. Sharp projeetion from the surface of a bone. 
spiral (SPI-ral) organ Reeeptor for hearing loeated in the eoehlea of the 
internal ear; organ of Corti. 

spirometer (spi-ROM-eh-ter) Instmment for reeording lung volumes; 
traeing obtained is a spirogram. 

spleen Lymphoid organ in the upper left region of the abdomen. 
squamous (SKWA-mus) Flat and irregular, as in squamous epithelium. 
SR See sareoplasmie reticulum. 

stapes (STA-peze) Innermost ossiele of the middle ear; transmits sound 
waves to the oval window of the inner ear. 
stem eell Cell that has the potential to divide and produce different 
types of eells. 

steroid (STE-royd) Category of lipids that includes the hormones of the 
sex glands and the adrenal cortex. 

stethoseope (STETH-o-skope) Instmment for eonveying sounds from 
the patient’s body to the examiner’s ears. 
stimulus (STIM-u-lus) Change in the external or internal environment 
that produces a response. 

stomaeh (STUM-ak) Organ of the digestive traet that stores food, 
mixes it with digestive juices, and moves it into the small intestine. 
stratified In multiple layers (strata). 
stratum (STRA-tum) A layer; pl., strata. 

stratum basale (bas-A-le) Deepest layer of the epidermis; layer that 
produces new epidermal eells; stratum germinativum. 
stratum corneum (KOR-ne-um) The thiek uppermost layer of the 
epidermis. 

striations (stri-A-stmns) Stripes or bands, as seen in skeletal muscle and 
eardiae muscle. 

stroke volume Amount of blood ejeeted from a ventriele with eaeh 
beat. 

subcutaneous (sub-ku-TA-ne-us) Under the skin. 

submucosa (sub-mu-KO-sah) Layer of eonneetive tissue beneath the 
mucosa. 

substrate Substance on which an enzyme works. 

sudoriferous (su-do-RIF-er-us) Producing sweat; referring to the sweat 
glands. 

suffix A word part that follows a root and modifies its meaning. 
sulcus (SUL-kus) Shallow groove as between convolutions of the eere- 
bral cortex; pl., sulci (SUL-si). 
superior (su-PE-re-or) Above; in a higher position. 
superior vena eava (VE-nah KA-vah) Large vein that drains the upper 
part of the body and empties into the heart’s right atrium. 
supination (su-pin-A-shun) Turning the palm up or forward. 
supine (SU-pine) Faee up or palm up. 

surfactant (sur-FAK-tant) Substance in the alveoli that prevents their 
eollapse by reducing surface tension of the fluid lining them. 
suspension (sus-PEN-shun) Heterogeneous mixture that will separate 
unless shaken. 

suspensory ligaments Filaments attaehed to the eiliary nrnsele of the 
eye that hold the lens in plaee and ean be used to ehange its shape. 
sustentacular (sus-ten-TAI<-u-lar) eells Cells in the seminiferous tubules 
that aid in development of spermatozoa; Sertoli eells. 
suture (SU-chur) Type of joint in which bone surfaces are elosely united, 
as in the skull; stiteh used in surgery to bring parts together; to 
stiteh parts together in surgery. 

sympathetie nervous system Thoracolumbar division of the autonomic 
nervous system; stimulates a fight or flight (stress) response. 
synapse (SIN-aps) Junction between two neurons or between a neuron 
and an effeetor. 


synarthrosis (sin-ar-THRO-sis) Immovable joint. 
synergist (SIN-er-jist) Substance or structure that enhanees the work 
of another. A muscle that works with a prime mover to produce 
a given movement. 

synovial (sin-O-ve-al) Pertaining to a thiek, lubricating fluid found in 
joints, bursae, and tendon sheaths; pertaining to a freely movable 
(diarthrotie) joint. 

system (SlS-tem) Group of organs functioning together for the same 
general purposes. 

systemie (sis-TEM-ik) Referring to a generalized infeetion or eondition. 
systemie circuit Pathway that earries blood to all tissues of the body to 
deliver oxygen and piek up. 

systole (SlS-to-le) Contraction; adj., systolie (sis-TOL-ik). 

T 

taehyeardia (tak-e-KAR-de-ah) Heart rate more than 100 beats per 
minute in an adult. 

taehypnea (tak-IP-ne-ah) inereased rate of respiration. 
taetile (TAK-til) Pertaining to the sense of touch. 
target tissue Tissue that is eapable of responding to a speeifìe hormone. 
T eell Lymphoeyte aetive in immunity that matures in the thymus 
gland; may destroy foreign eells direetly or help in or regulate the 
imnrnne response; T lymphoeyte. 

teetorial (tek-TO-re-al) membrane Membrane overlying the sensory 
(hair) eells in the spiral organ of hearing. 
telophase (TEL-o-faze) Final stage of mitosis, during which new nuclei 
form and the eell eontents usually divide. 
tendon (TEN-don) Cord of regular dense eonneetive tissue that 
attaehes a muscle to a bone. 

teniae (TEN-e-e) eoli Bands of smooth muscle in the wall of the large 
intestine. 

testis (TES-tis) Male reproductive gland; pl., testes (TES-teze). 
testosterone (tes-TOS-ter-one) Male sex hormone produced in the tes- 
tes; promotes sperm eell development and maintains seeondary 
sex eharaeteristies. 

thalamus (THAL-ah-mus) Region of the brain loeated in the dien- 
eephalon; ehief relay eenter for sensory impulses traveling to the 
eerebral cortex. 

thorax (THO-raks) Chest; adj., thoraeie (tho-RAS-ik). 
thrombin (THROM-bin) Clotting faetor in the blood needed to eon- 
vert fìbrinogen to fìbrin. 

thromboeyte (THROM-bo-site) Blood platelet; eell fragment that par- 
tieipates in elotting. 

thrombosis (throm-BO-sis) Condition of having a thrombus (blood 
elot in a vessel). 

thrombus (THROM-bus) Blood elot within a vessel. 

thymus (THI-mus) Lymphoid organ in the upper portion of the ehest; 

site of T-eell development. 
thyroid (THI-royd) Endoerine gland in the neek. 
thyroid-stimulating hormone (TSH) Hormone produced by the ante- 
rior pituitary that stimulates the thyroid gland; thyrotropin. 
thyroxine (thi-ROK-sin) Hormone produced by the thyroid gland; 

inereases metabolie rate and needed for normal growth; T 4 . 
tissue Group of similar eells that performs a speeialized function. 
toll-like reeeptor (TRL) Reeeptor on a eell of the innate imnrnne system 
that ean reeognize eomponents of a pathogen as being foreign. 
tongue (tung) Muscular organ in the mouth that eontains the taste buds 
and functions in chewing, swallowing, and speeeh production. 
tonsil (TON-sil) Mass of lymphoid tissue in the region of the pharynx. 
tonus (TO-nus) Partially eontraeted state of nrnsele; also, tone. 
toxin (TOK-sin) Poison. 

toxoid (TOK-soyd) Altered toxin used to produce aetive immunity. 
traehea (TRA-ke-ah) Tube that extends from the larynx to the bronehi; 
windpipe. 

traet Bundle of neuron fìbers within the eentral nervous system. 
trait Characteristic. 

transfusion (trans-FU-zhun) Introduction of blood or blood eompo- 
nents direetly into the bloodstream of a reeipient. 
transport maximum Maximum amount of a particular substance that 
ean be reabsorbed from the nephron tubule in milligrams per 
minute; tubular maximum. 

transverse Deseribing a plane that divides a structure into superior and 
inferior parts. 
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trioispid (tri-KUS-pid) valve Valve between the heart’s right atrium 
and right ventriele. 

triglyeeride (tri-GLIS-er-ide) Simple fat eomposed of glyeerol and three 
fatty aeids. 

trigone (TRI-gone) Triangular-shaped region in the floor of the bladder 
that remains stable as the bladder fills. 
triiodothyronine (tri-i-o-do-THI-ro-nin) Thyroid hormone that aets to 
raise cellular metabolism; T 3 . 

trophoblast (TRO-fo-blast) Region of the blastoeyst in embryonie 
development that forms the fetal portion of the plaeenta. 
tropomyosin (tro-po-MI-o-sin) Protein that works with troponin to 
regulate eontraetion in skeletal muscle. 
troponin (tro-PO-nin) Protein that works with tropomyosin to regu- 
late eontraetion in skeletal muscle. 

trypsin (TRIP-sin) Panereatie enzyme aetive in the digestion of proteins. 
TSH See thyroid-stimulating hormone. 

tubular reabsorption Return of substances in the glomerular fìltrate to 
the circulation through the renal tubule. 
tympanie (tim-PAN-ik) membrane Membrane between the external 
and middle ear that transmits sound waves to the bones of the 
middle ear; eardmm. 

U 

ultrasound (UL-trah-sound) Very high-frequency sound waves; used in 
medieal imaging to visualize soft structures. 
umbilical (um-BIL-ih-kal) eord Structure that eonneets the fetus with 
the plaeenta; eontains vessels that earry blood between the fetus 
and plaeenta. 

umbilicus (um-BIL-ih-kus) Small sear on the abdomen that marks the 
former attaehment of the umbilical eord to the fetus; navel. 
universal solvent Term used for water because it dissolves more sub- 
stanees than any other solvent. 

unsaturated fat Fat that has fewer hydrogen atoms and more double 
bonds between earbons than do saturated fats. 
urea (u-RE-ah) Nitrogenous waste product excreted in the urine; end 
product of protein metabolism. 

ureter (U-re-ter) Tube that earries urine from the kidney to the urinary 
bladder. 

urethra (u-RE-thrah) Tube that earries urine from the urinary bladder 
to the outside of the body. 

urinalysis (u-rin-AL-ih-sis) Laboratory examination of urine’s physieal 
and ehemieal properties. 

urinary (U-rin-ar-e) bladder Hollow organ that stores urine until it is 
eliminated. 

urinary system The system involved in elimination of soluble waste, 
water balanee, and regulation of body flmds. 
urination (u-rin-A-shun) Voiding of urine; micturition. 
urine (U-rin) Liquid waste excreted by the kidneys. 
uterine (U-ter-in) tube Tube that earries ova from the ovary to the 
uterus; oviduct; fallopian tube. 

uterus (U-ter-us) Muscular, pear-shaped organ in the female pelvis 
within which the fetus develops during pregnaney; adj., uterine. 
uvula (U-vu-lah) Soft, fleshy, V-shaped mass that hangs from the soft 
palate. 

V 

vaeeination (vak-sin-A-shun) Administration of a vaeeine to proteet 
against a speeifie disease; immunization. 
vaeeine (vak-SENE) Substance used to produce aetive immunity; usually, 
a suspension of attenuated or killed pathogens or some eomponent 
of a pathogen given by inoculation to prevent a speeifie disease. 
vagina (vah-JI-nah) Distal part of the birth eanal that opens to the 
outside of the body; female organ of sexual intercourse. 
vagus (VA-gus) nerve Tenth eranial nerve. 

valenee (VA-lens) Combining power of an atom; number of elee- 
trons lost, gained, or shared by atoms of an element in ehemieal 
reaetions. 

valve Structure that prevents fluid from flowing backward, as in the 
heart, veins, and lymphatie vessels. 

vas deferens (DEF-er-enz) Tube that earries sperm eells from the testis 
to the urethra; ductus deferens. 


vascular (VAS-ku-lar) Pertaining to blood vessels. 
vaseetomy (vah-SEK-to-me) Surgical removal of part or all of the duc- 
tus (vas) deferens; usually done on both sides to produce sterility. 
vasoeonstrietion (vas-o-kon-STRIK-shun) Deerease in a blood vessel’s 
lumen diameter. 

vasodilation (vas-o-di-LA-shun) inerease in a blood vessel’s lumen 
diameter. 

vasomotor (va-so-MO-tor) Pertaining to dilation or eonstrietion of 
blood vessels. 

veetor (VEK-tor) An inseet or other animal that transmits a disease- 
causing organism from one host to another. 
vein (vane) Vessel that earries blood toward the heart. 
vena eava (VE-nah KA-vah) Large vein that earries blood into the 
heart’s right atrium; superior vena eava or inferior vena eava. 
venous sinus (VE-nus SI-nus) Large ehannel that drains blood low in 
oxygen. 

ventilation (ven-tih-LA-shun) Replaeement of air or gas with fresh air or 
gas. Movement of air into and out of the lungs; pulmonary ventilation 
ventral (VEN-tral) At or toward the front or belly surface; anterior. 
ventriele (VEN-trih-kl) Cavity or ehamber. One of the heart’s two 
lower ehambers. One of the brain’s four ehambers in which eere- 
brospinal fluid is produced; adj., ventricular (ven-TRIK-u-lar). 
venule (VEN-ule) Vessel between a eapillary and a vein. 
vernix easeosa (VER-niks ka-se-O-sah) Cheeselike sebaceous seeretion 
that eovers a newborn. 

vertebra (VER-teh-brah) Bone of the spinal column; pl., vertebrae 
(VER-teh-bre). 

vesiele (VES-ih-kl) Small sae or blister filled with fluid. 
vesicular transport Use of vesieles to move large amounts of material 
through a eell’s plasma membrane. 

vestibular apparatus (ves-TIB-u-lar) Part of the inner ear eoneerned 
with equilibrium; eonsists of the semicircular eanals and vestibule. 
vestibular (ves-TIB-u-lar) folds Folds of mucous membrane superior 
to the voeal eords in the larynx. They elose off the glottis during 
swallowing and straining down; false voeal eords. 
vestibule (VES-tih-bule) Any spaee at the entranee to a eanal or organ; 
in the inner ear, area that eontains some reeeptors for the sense 
of equilibrium. 

vestibulocochlear (ves-tib-u-lo-KOK-le-ar) nerve Eighth eranial nerve 
eoneerned with hearing and equilibrium. 
villi (VIL-li) Small finger-like projeetions from the surface of a mem- 
brane; projeetions in the lining of the small intestine through 
which digested food is absorbed; sing., villus. 
viseera (VlS-er-ah) Organs in the ventral body eavities, espeeially the 
abdominal organs; adj., viseeral. 

viseosity (vis-KOS-ih-te) Thiekness, as of the blood or other fluid. 
vitamin (Vl-tah-min) Organie compound needed in small amounts for 
health. 

vitreous (VIT-re-us) body Soft, jelly-like substance that fills the eyeball 
and holds the shape of the eye; vitreous humor. 
voeal folds Bands of mucous membrane in the larynx used in produc- 
ing speeeh; voeal eords. 

Volkmann eanal See perforating eanal. 
vulva (VUL-va) External female genitalia. 

W 

Wernicke (VER-nih-ke) area Portion of the eerebral cortex eoneerned 
with speeeh reeognition and the meaning of words. 
white matter Nervous tissue eomposed of myelinated fibers. 
word root The main part of a word to which prefixes and suffixes may 
be attaehed. 

X 

x-ray Ray or radiation of extremely short wavelength that ean pen- 
etrate opaque substances and affeet photographie plates and fluo- 
reseent sereens. 

Z 

zygote (Zl-gote) Fertilized ovum; eell formed by the union of a sperm 
and an egg. 


► Glossary of Word Parts 

Use of Word Parts in Medieal Terminology 


Medieal terminology, the speeial language of the health occupations, 
is based on an understanding of a few relatively basie elements. These 
elements—roots, prefixes, and suffixes—form the foundation of almost 
all medieal terms. A useful way to familiarize yourself with eaeh term is to 
learn to pronounce it eorreetly and say it aloud several times. Soon it will 
beeome an integral part of your vocabulary. 

The foundation of a word is the word root. Examples of word 
roots are abdomin , referring to the belly region, and aden , pertain- 
ing to a gland. A word root is often followed by a vowel to faeili- 
tate pronunciation when an ending is added, as in abdomino and 
adeno. We then refer to it as a “eombining form,” and it usually 
appears in texts with a slash before the vowel, as in abdomin/o and 
aden/o. 

A prefix is a part of a word that preeedes the word root and 
ehanges its meaning. For example, the prefix pre- in prenatal means 
“before,” and the word means “before birth.” A suffix, or word end- 
ing, is a part that follows the word root and adds to or ehanges its 
meaning. The suffix -ism means “eondition,” so the term hypothy- 
roidism means “an underactive (hypo-) thyroid eondition.” Many 
medieal words are compound words; that is, they are made up of 
more than one root or eombining form. Examples of such compound 
words are eardiovasenlar (pertaining to the heart and blood vessels), 
lymphoeyte (a eell found in the lymphatie system), and eleetroen- 
eephalograph (an instmment for reeording the eleetrieal aetivity of the 
brain). 

A general knowledge of language structure and spelling rules is 
also helpful in mastering medieal terminology. For example, adjeetives 
include words that end in -al, as in sternal (the noun is sternum), and 
words that end in - ous , as in mucous (the noun is mucus). 

The following list includes some of the most eommonly used 
word roots, prefixes, and suffixes, as well as examples of their use. 
Prefixes are followed by a hyphen; suffixes are preeeded by a hyphen; 
and word roots have no hyphen. Commonly used eombining vowels 
are added to roots following a slash. 

Word Parts 

a-, an- not, without: aphasia, atrophy, anemia, amiria 
ab- away from: abdnetion, aboral 

abdomin/o belly or abdominal area: abdominoeentesis, abdominoseopy 
acous, acus hearing, sound: aeonstie, presbyensis 
aer/o- end, extremity: aeromegaly, aeromion 

aetin/o, aetin/i relation to raylike structures or, more eommonly, to 
light or roentgen (x-) rays, or some other type of radiation: aetini- 
form, aetinodermatitis 

ad- (sometimes eonverted to ae-, af-, ag-, ap-, as-, at-) toward, added 
to, near: adrenal, aeeretion, agglomerated, afferent 
aden/o gland: adeneetomy, adenitis, adenoeareinoma 
aer/o air, gas, oxygen: aerobie, aerate 

-agogue inducing, leading, stimulating: cholagogue, galactagogue 

-al pertaining to, resembling: skeletal, smgieal, ileal 

alb/i- white: albinism, albinmia 

alge, alg/o, alges/i pain: algetie, algophobia, analgesie 

-algia pain, painful eondition: myalgia, nemalgia 

amb/i- both, on two sides: ambidexterity, ambivalent 

ambly- dimness, dullness: amblyopia 

amphi on both sides, around, double: amphiarthrosis, amphibian 

amyl/o stareh: amylase, amyloid 

an- not, without: anaerobie, anoxia, anemie 

ana- upward, baek, again, excessive: anatomy, anastomosis, anabolism 
andr/o male: androgen, androgynons 
angi/o vessel: angiogram, angiotensin 

ant/i- against; to prevent, suppress, or destroy: antarthritie, antibiotie, 
antieoagnlant 


ante- before, ahead of: antenatal, antepartnm 

anter/o- position ahead of or in front of (i.e., anterior to) another part: 
anterolateral, anteroventral 

-apheresis take away, withdraw: hemapheresis, plasmapheresis 

ap/o- separation, derivation from: apoerine, apoptosis, apophysis 

aqu/e water: aqueous, aquatic, aqueduct 

-ar pertaining to, resembling: muscular, nuclear 

arthr/o joint or articulation: arthrolysis, arthrostomy, arthritis 

-ary pertaining to, resembling: salivary, dietary, minary 

-ase enzyme: lipase, protease 

-asis See -sis 

atel/o- imperfeet: ateleetasis 

ather/o gruel: atheroselerosis, atheroma 

audi/o sound, hearing: andiogenie, andiometry, audiovisual 

aut/o- self: autistic, autodigestion, autoimmune 

bar/o pressure: baroreeeptor, barometer 

bas/o- alkaline: basie, basophilie 

bi- two, twice: bifmeate, bisexual 

bil/i bile: biliary, bilimbin 

bio- life, living organism: biopsy, antibiotie 

blast/o, -blast early stage of a eell, immature eell: blastnla, blasto- 
phore, erythroblast 

bleph, blephar/o eyelid, eyelash: blepharism, blepharitis, 
blepharospasm 

braehi, braehi/o arm: braehial, braehioeephalie, braehiotomy 
braehy- short: braehydaetylia, braehyesophagns 
brady- slow: bradyeardia 

broneh/o-, broneh/i bronchus: bronehieetasis, bronehoseope 
bucc/o eheek: bneeal, bneeinator 

eapn/o earbon dioxide: hypoeapnia, hypereapnia 
earein/o eaneer: eareinogenie, eareinoma 
eardi/o, eardi/a heart: earditis, eardiae, eardiologist 
eata- down: eatabolism, eatalyst 

-eele swelling; enlarged spaee or eavity: eystoeele, meningoeele, 
reetoeele 

eeli/o abdomen: eeliae, eelioeentesis 

eenti- relating to 100 (used in naming units of measurements): eenti- 
grade, eentimeter 

-eentesis perforation, tapping: amnioeentesis, paraeentesis 

eephal/o head: eephalalgia, eephalopelvie 

eerebr/o brain: eerobrospinal, eerebmm 

eervi neek: eervieal, cervix 

eheil/o lips; brim or edge: eheilitis, eheilosis 

ehem/o, ehem/i ehemistry, ehemieal: ehemotherapy, chemocautery, 
ehemoreeeptor 

ehir/o, eheir/o hand: eheiralgia, eheiromegaly, ehiropraetie 
ehol/e, ehol/o bile, gall: chologogue, eholeeyst, eholelith 
eholeeyst/o gallbladder: eholeeystitis, eholeeystokinin 
ehondr/o, ehondri/o eartilage: ehondrie, ehondroeyte, ehondroma 
ehori/o membrane: ehorion, ehoroid, ehorioeareinoma 
ehrom/o, ehromat/o eolor: ehromosome, ehromatin, ehromophilie 
-eid, -eide to cut, kill, destroy: baeterieidal, germieide, snieide 
circum- around, surrounding: eirenmorbital, circumrenal, 

circumduction 
-elast break: osteoelast 

elav/o, eleid/o elaviele: eleidomastoid, snbelavian 
eo- with, together: eofaetor, eohesion, eoinfeetion 
eolp/o vagina: eolpeetasia, eolposeope, eolpotomy 
eon- with: eoneentrie, eoneentrate, eondnet 
eontra- opposed, against: eontraindieation, eontralateral 
eorne/o horny: corneum, eornified, eornea 
eortie/o cortex: eortieal, eortieotropie, eortisone 
eost/a, eost/o- ribs: intereostal, eostosternal 
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counter- against, opposite to: counteract, counterirritation, 
countertraction 

erani/o skull: cranium, eraniotomy 

ery/o- eold: eryalgesia, eryogenie, eryotberapy 

erypt/o- hidden, eoneealed: eryptie, eryptogenie, eryptorehidism 

-cusis hearing: aensis, presbyacusis 

cut- skin: subcutaneous 

eyan/o- blue: eyanosis, eyanogen 

eyst/i, eyst/o sae, bladder: eystitis, eystoseope 

eyt/o, -eyte eell: eytology, eytoplasm, osteoeyte 

daetyl/o digits (usually fingers, but sometimes toes): daetylitis, 
polydaetyly 

de- remove: detoxify, debydration 
dendr tree: dendrite 

dent/o, dent/i tooth: dentition, dentin, dentifriee 
derm/o, dermat/o skin: dermatitis, dermatology, dermatosis 
di- twice, double: dimorpbism, dibasie, dibybrid 
dipl/o- double: diplopia, diploeoeens 

dia - through, between, aeross, apart: diapbragm, diapbysis 
dis- apart, away from: disartienlation, distal 

dors/i, dors/o- baek (in the human, this eombining form is the same as 
poster/o-): dorsal, dorsiflexion, dorso-nucbal 
dys- disordered, difficult, painful: dysentery, dyspbagia, dyspnea 

e- out: enucleation, eviseeration, ejeetion 

-eetasis expansion, dilation, stretehing: angieetasis, bronebieetasis 
eeto- outside, external: eetoderm, eetogenons 

-eetomy surgical removal or destmetion by other means: appendee- 
tomy, tbyroideetomy 
edem swelling: edema 

-emia eondition of blood: glyeemia, byperemia 
eneephal/o brain: eneepbalitis, eneepbalogram 

end/o- in, within, innermost: endarterial, endocardium, endotbelium 

enter/o intestine: enteritis, enteroeolitis 

epi- on, upon: epieardinm, epidermis 

equi- equal: equidistant, equivalent, equilibrium 

erg/o work: ergonomie, energy, synergy 

eryth-, erythr/o- red: erytbema, erytbroeyte 

-esthesia sensation: anestbesia, parestbesia 

eu- well, normal, good: enpboria, eupnea 

ex/o- outside, out of, away from: excretion, exocrine, exopbthalmic 
extra- beyond, outside of, in addition to: extracellular, extrasystole, 
extravasation 

fasei fibrous eonneetive tissue layers: faseia, faseitis, faseiele 

fer, -ferent to bear, to earry: afferent, efferent, transfer 

fibr/o threadlike structures, fibers: fibrillation, fibroblast, fibrositis 

gastr/o stomaeh: gastritis, gastroenterostomy 

-gen an agent that produces or originates: allergen, patbogen, 
fibrinogen 

-genie produced from, producing: nemogenie, pyogenie, psyebogenie 
genit/o- organs of reproduction: genitoplasty, genitominary 
gen/o- a relationship to reproduction or sex: genealogy, generate, 
genetie, genotype 

-geny manner of origin, development or production: ontogeny, progeny 
gest/o gestation, pregnaney: progesterone, gestagen 
glio, -glia gluey material; speeifieally, the support tissue of the eentral 
nervous system: glioma, nemoglia 
gloss/o tongue: glossitis, glossopbaryngeal 
glye/o- relating to sugar, glucose, sweet: glyeemia, glyeosmia 
gnath/o related to the jaw: prognatbie, gnatboplasty 
gnos to pereeive, reeognize: agnostie, prognosis, diagnosis 
gon seed, knee: gonad, gonartbritis 

-gram reeord, that which is reeorded: eleetroeardiogram, 
eleetroeneepbalogram 

graph/o, -graph instrument for reeording, writing: eleetroeardiograpb, 
eleetroeneepbalograpb, mierograpb 
-graphy proeess of reeording data: pbotography, radiograpby 
gyn/o, gyne, gynee/o female, woman: gyneeology, gyneeomastia, 
gynoplasty 

gyr/o eirele: gyroseope, gyms, gyration 


hema, hemo, hemat/o blood: bematoma, bematmia, bemorrbage 
hemi- one half: bemispbere, beminepbreetomy, bemiplegia 
hepat/o- liver: bepatitis, bepatogenons 

heter/o- other, different: beterogenons, beterosexual, beteroebromia 
hist/o, histi/o tissue: bistology, bistioeyte 

homeo-, homo- unchanging, the same: bomeostasis, bomosexual 
hydr/o- water: bydrolysis, bydrocepbalus 

hyper- above, over, excessive: byperestbesia, byperglyeemia, 
bypertropby 

hypo- defieient, below, beneath: bypochondrium, bypodermie, bypo- 
gastrium, bypoxia 
hyster/o uterus: bystereetomy 

-ia state of, eondition of: myopia, hypoehondria, isebemia 

-iatries, -tries medieal speeialty: pediatries, obstetries 

iatr/o physieian, medieine: iatrogenie 

-ie pertaining to, resembling: metrie, psyebiatrie, geriatrie 

idio- self, one’s own, separate, distinet: idiopathie, idiosynerasy 

-ile pertaining to, resembling: febrile, virile 

im-, in- in, into, laeking: implantation, infiltration, inanimate 

infra - below, inferior: infraspinons, infraeortieal 

insul/o panereatie islet, island: insulin, insulation, insulinoma 

inter- between: intereostal, interstitial 

intra - within a part or structure: intraeranial, intracellular, intraocular 

iseh suppression: isebemia 

-ism state of: aleobolism, bypertbyroidism 

iso- same, equal: isotonie, isometrie 

-ist one who speeializes in a field of study: eardiologist, gastroenterologist 
-itis inflammation: dermatitis, keratitis, nemitis 

juxta- next to: juxtaglomerular, juxtaposition 

kary/o nucleus: karyotype, karyoplasm 

kerat/o eornea of the eye, eertain eornified tissues: keratin, keratitis, 
keratoplasty 

kine movement: kinetie, kinesiology, kinestbesia 

laeri- tear: laerimal 

laet/o milk: laetation, laetogenie 

laryng/o larynx: laryngeal, laryngeetomy, laryngitis 

later/o- side: lateral 

-lemma sheath: nemilemma, sareolemma 

leuk/o- (also written as leuc~, leuco~) white, eolorless: leukocyte, 
leukoplakia 

lip/o lipid, fat: lipase, lipoma 
lig- bind: ligament, ligatme 
lingu/o tongue: lingnal, lingnodental 
lith/o stone (calculus): lithiasis, lithotripsy 
-logy study of: pbysiology, gyneeology 
lute/o yellow: macula lutea, corpus luteum 

lymph/o lymph, lymphatie system, lymphoeyte: lympboid, lympbedema 
lyso-, -lysis, -lytie loosening, dissolving, separating: bemolysis, paraly- 
sis, lysosome 

maer/o- large, abnormal length: maeropbage, maeroblast. See also 
mega-, megal/o- 

mal- bad, diseased, disordered, abnormal: malnutrition, maloeelnsion, 
malnnion 

malae/o, -malaeia softening: malaeoma, osteomalaeia 
mamm/o- breast, mammary gland: mammogram, mammoplasty, 
mammal 

man/o pressure: manometer, spbygmomanometer 
mast/o breast: masteetomy, mastitis 

meg/a-, megal/o, -megaly unusually or excessively large: megaeolon, 
megaloblast, splenomegaly, megakaryoeyte 
melan/o dark, blaek: melanin, melanoeyte, melanoma 
men/o physiologie uterine bleeding, menses: menstmal, menorrbagia, 
menopause 

mening/o membranes eovering the brain and spinal eord: meningitis, 
meningoeele 

mes/a, mes/o- middle, midline: meseneepbalon, mesoderm 
meta- ehange, beyond, after, over, near: metabolism, metaearpal, 
metaplasia 
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-meter, metr/o measiire: hemoeytometer, sphygmomanometer, spirom- 
eter, isometrie 

metr/o uterus: endometrinm, metroptosis, metrorrhagia 
miero- very small: mieroseope, mierobiology, mierosmgery, mierometer 
mon/o- single, one: monoeyte, mononneleosis 
morph/o- shape, form: morphogenesis, morphology 
multi- many: mnltiple, mnltifaetorial, mnltipara 
my/o- muscle: myenteron, myocardium, myometrium 
mye/o, myeet fungus:, myeology, myeosis, mycelium 
myel/o marrow (often used in referenee to the spinal eord): myeloid, 
myelohlast, osteomyelitis, poliomyelitis 
myring/o tympanie membrane: myringotomy, myringitis 
myx/o mucus: myxoma, myxovirus 

nare/o- stupor: nareosis, nareolepsy, nareotie 
nas/o nose: nasopharynx, paranasal 
natri sodium: hyponatremia, natrimetie 
neer/o death, eorpse: neerosis 
neo- new: neoplasm, neonatal 

neph, nephr/o kidney: nephreetomy, nephron, nephritis 
neur/o, neur/i nerve, nervous tissue: nemon, nemalgia, nemoma 
neutr/o neutral: neutrophil, neutropenia 
noet/i night: noetambnlation, noetmia, noetiphobia 

ocul/o- eye: oenlar, oenlomotor, oenlomyeosis 

odont/o- tooth, teeth: odontalgia, orthodonties 

-odynia pain, tenderness: myodynia, nemodynia 

-oid like, resembling: lymphoid, myeloid 

olig/o- few, a defieieney: oligospermia, oligmia 

-oma tumor, swelling: hematoma, sareoma 

-one ending for steroid hormone: testosterone, progesterone 

onyeh/o nails: paronyehia, hyponyehinm 

oo ovum, egg: ooeyte, oogenesis (do not confuse with oophor-) 
oophor/o ovary: oophoreetomy, oophoritis, oophoroeysteetomy. See 
also ovar- 

ophthalm/o- eye: ophthalmia, ophthalmologist, ophthalmoseope 

-opia eondition of the eye or vision: heterotropia, myopia, hyperopia 

opt/o eye: optie, optometrist 

or/o mouth: oropharynx, oral 

orehi/o, orehid/o testis: orehitis, eryptorehidism 

orth/o- straight, normal: orthopedies, orthopnea, orthotie 

-ory pertaining to, resembling: respiratory, circulatory 

oseill/o to swing to and fro: oseilloseope 

osmo- osmosis: osmoreeeptor, osmotie 

oss/i, osse/o, oste/o bone, bone tissue: osseous, ossiele, osteoeyte, 
osteomyelitis 

ot/o ear: otalgia, otitis, otomyeosis 

-ous pertaining to, resembling: fibrous, venous, androgynous 

ov/o egg, ovum: oviduct, ovulation 

ovar, ovari/o ovary: ovarieetomy. See also oophor 

ox-, -oxia pertaining to oxygen: hypoxemia, hypoxia, anoxia 

oxy sharp, acute: oxygen, oxytocia 

pan- all: pandemie, panaeea 
papill/o nipple: papilloma, papillary 

para- near, beyond, apart from, beside: paramedieal, parametrinm, 
parathyroid, parasagittal 
pariet/o wall: parietal 

path/o, -pathy disease, abnormal eondition: pathogen, pathology, 
nemopathy 

ped/o-, -pedia ehild, foot: pedophobia, pediatrieian, pedialgia 

-penia laek of: lenkopenia, thromboeytopenia 

per- through, excessively: percutaneous, perfusion 

peri- around: pericardium, perichondrium 

-pexy fixation: nephropexy, proctopexy 

phag/o to eat, to ingest: phagoeyte, phagosome 

-phagia, -phagy eating, swallowing: aphagia, dysphagia 

-phasia speeeh, ability to talk: aphasia, dysphasia 

phen/o to show: phenotype 

-phil, -philie to like, have an affinity for: eosinophilia, hemophilia, 
hydrophilie 

phleb/o vein: phlebitis, phlebotomy 

-phobia fear, dread, abnormal aversion: phobie, aerophobia, hydrophobia 


phot/o- light: photoreeeptor, photophobia 

phren/o diaphragm: phrenie, phrenieotomy 

physi/o- natural, physieal: physiology, physieian 

pil/e-, pil/i-, pil/o- hair, resembling hair: pileons, piliation, pilonidal 

pin/o to drink: pinoeytosis 

-plasty molding, surgical formation: eystoplasty, gastroplasty, 
kineplasty 

-plegia stroke, paralysis: paraplegia, hemiplegia 
pleur/o side, rib, pleura: plemisy, plemotomy 
-pnea air, breathing: dyspnea, eupnea 

pneum/o-, pneumat/o- air, gas, respiration: pneumothorax, pneumo- 
graph, pneumatocele 

pneumon/o lung: pneumonia, pneumonectomy 
pod/o foot: podiatry, pododynia 

-poiesis making, forming: erythropoiesis, hematopoiesis 
polio- gray, gray matter: polioeneephalitis, poliomyelitis 
poly- many: polyarthritis, polyeystie, polyeythemia 
post- behind, after, following: postnatal, postocular, postpartum 
pre- before, ahead of: precancerous, preelinieal, prenatal 
presby- old age: presbycusis, presbyopia 

pro- before, in front of, in favor of: prodromal, proseneephalon, pro- 
lapse, prothrombin 

proet/o rectum: proetitis, proetoeele, proetologist 
propri/o own: proprioeeption 

pseud/o false: psendoarthrosis, psendostratified, psendopod 
psyeh/o mind: psyehosomatie, psyehotherapy, psyehosis 
-ptosis downward displaeement, falling, prolapse: blepharoptosis, 
enteroptosis, nephroptosis 
pulm/o-, pulmon/o- lung: pnlmonary, pnlmonology 
py/o pus: pymia, pyogenie, pyorrhea 
pyel/o renal pelvis: pyelitis, pyelogram, pyelonephrosis 
pyr/o fire, fever: pyrogen, antipyretie, pyromania 

quadr/i- four: quadriceps, quadriplegic 

raehi/o spine: raehieentesis, raehisehisis 

radio- emission of rays or radiation: radioaetive, radiography, 
radiology 

re- again, baek: reabsorption, reaetion, regenerate 

reet/o rectum: reetal, rectouterine 

ren/o kidney: renal, renopathy 

reticul/o network: reticulum, reticular 

retro- backward, loeated behind: retroeeeal, retroperitoneal 

rhin/o nose: rhinitis, rhinoplasty 

-rhage, -rhagia" bursting forth, excessive flow: hemorrhage, menorrhagia 
-rhaphy" suturing or sewing up a gap or defeet in a part: herniorrha- 
phy, gastrorrhaphy, eystorrhaphy 
-rhea* flow, diseharge: diarrhea, gonorrhea, seborrhea 

saeehar/o sugar: monosaeeharide, polysaeeharide 
salping/o tube: salpingitis, salpingoseopy 
sare/o flesh: sareolemma, sareoplasm, sareomere 
seler/o- hard, hardness; seleroderma, selerosis 
seoli/o- twisted, erooked: seoliosis, seoliosometer 
-seope instmment used to look into or examine a part: bronehoseope, 
endoseope, arthroseope 
semi- partial, half: semipermeable, semieoma 
semin/o semen, seed: seminiferons, seminal 
sep, septie poison, rot, deeay: sepsis, septieemia 
sin/o sinus: sinnsitis, sinnsoid, sinoatrial 

-sis eondition or proeess, usually abnormal: dermatosis, osteoporosis 

soma-, somat/o, -some body: somatie, somatotype, somatotropin 

son/o- sound: sonogram, sonography 

sphygm/o- pulse: sphygmomanometer 

spir/o breathing: spirometer, inspiration, expiration 

splanehn/o- internal organs: splanehnie, splanehnoptosis 

splen/o spleen: spleneetomy, splenie 

staphyl/o- grapelike cluster: staphylococcus 

stat, -stasis stand, stoppage, remain at rest: hemostasis, statie, 
homeostasis 

sten/o- eontraeted, narrowed: stenosis 

sthen/o, -sthenia, -sthenie strength: asthenie, ealisthenies, nemasthenia 
steth/o- ehest: stethoseope 
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stoma, stomat/o mouth: stomatitis 

-stomy surgical ereation of an opening into a hollow organ or 
an opening between two organs: eolostomy, traeheostomy, 
gastroenterostomy 

strept/o ehain: streptoeoeens, streptobaeilliis 

sub- under, below, near, almost: snbelavian, subcutaneous, subluxation 

super- over, above, excessive: snperego, snpernatant, snperfieial 

supra- above, over, superior: supranasal, snprarenal 

sym-, syn- with, together: sympbysis, synapse 

syring/o fistula, tube, eavity: syringeetomy, syringomyelia 

taeh/o-, taehy- rapid: taehyeardia, taehypnea 

tars/o eyelid, foot: tarsitis, tarsoplasty, tarsoptosis 

-taxia, -taxis order, arrangement: ataxia, chemotaxis, thermotaxis 

tel/o- end, far, at a distanee: telophase, telegraph, telemetry 

tens- streteh, pull: extension, tensor 

terat/o malformed fetus: teratogen, teratogenie 

test/o testis: testosterone, testienlar 

tetr/a four: tetralogy, tetraplegia 

therm/o-, -thermy heat: thermalgesia, thermoeantery, diathermy, 
thermometer 

thromb/o- blood elot: thrombosis, thromboeyte 
toe/o labor: entoeia, dystoeia, oxytocin 

tom/o, -tomy ineision of, cutting: anatomy, phlebotomy, laparotomy 
ton/o tone, tension: tonieity, tonie 

tox-, toxic/o- poison: toxin, cytotoxic, toxemia, toxicology 
traehe/o traehea, windpipe: traeheal, traeheitis, traeheotomy 


trans- aeross, through, beyond: transorbital, transpiration, transplant, 
transport 

tri- three: triad, trieeps 

trieh/o hair: triehiasis, triehosis, triehology 

troph/o, -trophie, -trophy nutrition, nurture: atrophy, hypertrophie 
trop/o, -tropin, -tropie turning toward, aeting on, influencing, ehang- 
ing: thyrotropin, adrenoeortieotropie, gonadotropie 
tympan/o drum: tympanie, tympanum 

ultra- beyond or excessive: ultrasound, ultraviolent, ultrastructure 
uni- one: unilateral, uniovular, unicellular 
-uria urine: glyeosmia, hematmia, pymia 
ur/o urine, urinary traet: mology, mogenital 

vas/o vessel, duct: vasenlar, vaseetomy, vasodilation 
viseer/o internal organs, viseera: viseeral, viseeroptosis 
vitre/o- glasslike: vitreons 

xer/o- dryness: xeroderma, xerophthalmia, xerosis 

y eondition of: tetany, atony, dysentery 

zyg/o joined: zygote, heterozygons, monozygotie 


When a suffix beginning with rh is added to a word root, the r is doubled. 






Periodie Table of the Elements 


The periodie table lists the ehemieal elements aeeording to their atomie numbers. The boxes in the table have information 
about the elements, as shown by the example at the top of the ehart. The upper number in eaeh box is the atomie number, 
which represents the number of protons in the nucleus of the atom. Under the name of the element is its ehemieal symbol, an 
abbreviation of its modern or Latin name. The Latin names of four eommon elements are shown below the ehart. The bot- 
tom number in eaeh box gives the atomie weight (mass) of that element’s atoms eompared with the weight of earbon atoms. 
Atomie weight is the sum of the weights of the protons and neutrons in the nucleus. 

All the elements in a column share similar ehemieal properties based on the number of eleetrons in their outermost 
energy levels. Those in column VIII are nonreaetive (inert) and are referred to as noble gases. The 26 elements found in the 
body are eolor eoded aeeording to quantity (see totals above the ehart). Carbon, hydrogen, oxygen, and nitrogen make up 
96% of body weight. The first three of these are present in all earbohydrates, lipids, proteins, and mieleie aeids. Nitrogen is 
an additional eomponent of all proteins. Nine other elements make up almost all the rest of body weight. The remaining 13 
elements are present in very small amounts and are referred to as traee elements. Although needed in very small quantities, 
they are essential for good health, as they are parts of enzymes and other compounds used in metabolism. 
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VIII 


i 

Hydrogen 

H 


1.01 

II 




of body vveight 

of body vveight 

of body vveight 

Notation: 


tomie numbe 

ame 

ymbol 

tomie vveight 


III 

IV 

V 

VI 

VII 

4.00 

3 

Lithium 

Li 

6.94 

4 

Beryllium 

Be 

9.01 



96% ( 

3.9% 

0.1% 


6 

Carbon 

C 

12.01 

A1 

N 

S 

A 

ìr 

5 

Boron 

B 

10.81 

6 

Carbon 

e 

12.01 

7 

Nitrogen 

N 

14.01 

8 

Oxygen 

0 

16.00 

9 

Fluorine 

F 

19.00 

10 

Neon 

Ne 

20.18 

11 

Sodium 

Na 

22.99 

12 

Maqnesium 

Mg 

24.31 

13 

Aluminum 

Al 

26.98 

14 

Silieon 

Si 

28.09 

15 

Phosphoms 

P 

30.97 

16 

Sulfur 

s 

32.07 

17 

Chlorine 

Cl 

35.45 

18 

Argon 

Ar 

39.95 






19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

Potassium 

Calcium 

Scandium 

Titanium 

Vanadium 

Chromium 

Manganese 

Iron 

Cobalt 

Niekel 

Copper 

Zine 

Gallium 

Germanium 

Arsenie 

Selenium 

Bromine 

Krypton 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Kr 

39.10 

40.08 

44.96 

47.88 

50.94 

52.00 

54.94 

55.85 

58.93 

58.69 

63.55 

65.39 

69.72 

72.59 

74.92 

78.96 

79.90 

83.80 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Rubidium 

Strontium 

Yttrium 

Zirconium 

Niobium 

Molybdenum 

Technetium 

Ruthenium 

Rhodium 

Palladium 

Silver 

Cadmium 

lndium 

Tin 

Antimony 

Tellurium 

lodine 

Xenon 

Rb 

Sr 

Y 

Zr 

Nb 

Mo 

Tc 

Ru 

Rh 

Pd 

Ag 

Cd 

ln 

Sn 

Sb 

Te 

1 

Xe 

85.47 

87.62 

88.91 

91.22 

92.91 

95.94 

(98) 

101.1 

102.9 

106.4 

107.9 

112.4 

114.8 

118.7 

121.8 

127.6 

126.9 

131.3 

55 

56 



72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

Cesium 

Barium 



Hafnium 

Tantalum 

Tungsten 

Rhenium 

Osmium 

lridium 

Platinum 

Gold 

Mercury 

Thallium 

Lead 

Bismuth 

Polonium 

Astatine 

Radon 

Cs 

Ba 



Hf 

Ta 

W 

Re 

Os 

lr 

Pt 

Au 

Hg 

Tl 

Pb 

Bi 

Po 

At 

Rn 

132.91 

137.34 



178.5 

180.9 

183.9 

186.2 

190.2 

192.2 

195.1 

196.9 

200.6 

204.4 

207.2 

209.0 

(210) 

(210) 

(222) 

87 

88 



104 

105 

106 

107 

108 

109 

110 

111 

112 







Francium 

Radium 



Rutherfordium 

Dubnium 

Seaborgium 

Bohrium 

Hassium 

Meitnerium 

Darmstadtium 

LJnnamed 

LJnnamed 







Fr 

Ra 



Rf 

Db 

sg 

Bh 

Hs 

Mt 

Ds 









(223) 

(226) 



(257) 

(260) 

(263) 

(262) 

(265) 

(267) 

(271) 

(272) 

(277) 








2 

Helium 

He 



57-71 

Lanthanides 


89-103 

Aetinides 


57 

Lanthanum 

La 

138.9 

58 

Cerium 

Ce 

140.1 

59 

Praseodymium 

Pr 

140.9 

60 

Neodymium 

Nd 

144.2 

61 

Promethium 

Pm 

(145) 

62 

Samarium 

Sm 

(150.4) 

63 

Europium 

Eu 

152.0 

64 

Gadolinium 

Gd 

157.3 

65 

Terbium 

Tb 

158.9 

66 

Dysprosium 

Dy 

162.5 

67 

Holmium 

Ho 

164.9 

68 

Erbium 

Er 

167.3 

69 

Thulium 

Tm 

168.9 

70 

Ytterbium 

Yb 

173.0 

71 

Lutetium 

Lu 

175.0 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

Actinium 

Thorium 

Protactinium 

Uranium 

Neptunium 

Plutonium 

Americium 

Curium 

Berkelium 

Californium 

Einsteinium 

Fermium 

Mendelevium 

Nobelium 

Lawrencium 

Ac 

Th 

Pa 

U 

Np 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

Fm 

Md 

No 

Lr 

(227) 

232.0 

(231) 

(238) 

(237) 

(244) 

(243) 

(247) 

(247) 

(251) 

(254) 

(257) 

(256) 

(259) 

(257) 


Name 

Latin name 

Symbol 

Copper 

cuprium 

Cu 

Iron 

ferrnm 

Fe 

Potassium 

kalium 

K 

Sodium 

natrium 

Na 
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Ansvvers to ehapter eheekpoint, easepoint, and Zooming In Questions 




ehapter 1 


Answers to Oheekpoint Questions 

1-1 Study of body structure is anatomy; study of body function is 

physiology. 

1-2 Organs working together eombine to form systems. 

1-3 Intracellular ffuids are loeated inside eells; extracellular fluids are 

loeated outside of eells. 

1-4 Homeostasis is a state of internal balanee. 

1-5 The eomponents of a negative feedbaek loop are sensor, eontrol 

eenter, and effeetor. 

1-6 Catabolism and anabolism are the two types of metabolie aetivities. 

In eatabolism, complex substances are broken down into simpler 
compounds. In anabolism, simple compounds are used to manu- 
facture materials needed for growth, hmetion, and tissue repair. 

1-7 Distal deseribes a loeation farther from an origin. The wrist is dis- 

tal to the elbow. 

1-8 The three planes in which the body ean be cut are sagittal, frontal 

(eoronal), and transverse (horizontal). 

1-9 The two main body eavities are the dorsal and ventral eavities. 

1-10 The three eentral regions of the abdomen are the epigastrie, umbil- 

ieal, and hypogastrie regions. The three left and right regions are 
the hypoehondriae, lumbar, and iliae (inguinal) regions. 

Answers to Oasepoint Questions 

1-1 The spinal column is part of the skeletal system; the blood vessels 

are part of the cardiovascular system. 

1-2 The major ehallenge to Mike’s homeostasis was bleeding, leading 

to low blood pressure. 

1-3 The heart is the effeetor in the feedbaek loop. 

1-4 In hypotensive the prehx is hypo-, meaning deheieney, below, or 

beneath; the root is tens, which means to streteh or pull. In taehy- 
eardie, the prehx is taehy- which means rapid; the root is eardi/o, 
which pertains to the heart. 

Answers to Zooming In Questions 

1-6 The hgures are standing in the anatomie position. 

1-7 The transverse (horizontal) plane divides the body into superior 

and inferior parts. The frontal (eoronal) plane divides the body 
into anterior and posterior parts. 

1-10 The ventral eavity eontains the diaphragm. 

1-13 The umbilical, hypogastrie, left lumbar, and left iliae (inguinal) 

regions are represented in the left lower quadrant. 

1-14 The term phalangeal deseribes regions in both the upper and 

lower extremity. The term applies to hngers or toes. 


ehapter 2 


Answers to Oheekpoint Questions 

2-1 Atoms are subunits of elements. 

2-2 Three types of partieles found in atoms are protons, neutrons, and 

eleetrons. 


2-3 The atom with six eleetrons in its outermost energy level is more 

likely to partieipate in a ehemieal reaetion, as the outermost 
energy level of the atom with eight eleetrons is eomplete. 

2-4 ionie bonds are formed by exchange of eleetrons between atoms. 

Covalent bonds are formed by the sharing of eleetrons between 
atoms. 

2-5 When an eleetrolyte goes into solution, it separates into eharged 

partieles ealled ions (eations and anions). 

2-6 Molecules are units eomposed of two or more eovalently bonded 

atoms. Compounds are substances eomposed of two or more dif- 
ferent elements. 

2-7 In a solution, the solute dissolves and remains evenly distributed 

(the mixture is homogeneous); in a suspension, the material in 
suspension does not dissolve and settles out unless the mixture is 
shaken (the mixture is heterogeneous). 

2-8 Water is the most abundant compound in the body. 

2-9 A value of 7.0 is neutral on the pH seale. An aeid measures lower 

than 7.0; a base (alkali) measures higher than 7.0 

2-10 A buffer is a substance that maintains a steady pH of a 

solution. 

2-11 Isotopes that give off radiation are termed radioaetive and are 

ealled radioisotopes. 

2-12 Carbon is the basis of organie ehemistry. 

2-13 The three main eategories of organie compounds are earbohy- 

drates, lipids, and proteins. 

2-14 An enzyme is a eatalyst that speeds the rate of ehemieal reaetions 

in the body. 

2-15 A nucleotide eontains a sugar, a phosphate group, and a nitrog- 

enous base. DNA, RNA, and ATP are examples of compounds 
eomposed of nucleotides. 

Answers to Oasepoint Questions 

2-1 The emergeney team administered an aqueous solution of 5% 

dextrose. 

2-2 Dextrose is the solute and water is the solvent in this solution. 

2-3 The antebrachium is the forearm. 

2-4 At a blood pH 7.28, Margaret is suffering from aeidosis. 

2-5 The simple sugar, or monosaeeharide, dextrose (glucose) was 

administered to Margaret in the ease study. 

Answers to Zooming In Questions 

2-2 The mrniber of protons is equal to the number of eleetrons. There 

are eight protons and eight eleetrons in the oxygen atom. 

2-3 Oxygen needs two eleetrons to eomplete its outermost energy 

level. Magnesium needs to lose two eleetrons to aehieve a stable 
outermost energy level. 

2-4 A sodium atom has one eleetron in its outermost energy level. A 

sodium ion has eight eleetrons in its outermost energy level. 

2-5 Two eleetrons are needed to eomplete the energy level of eaeh 

hydrogen atom. 

2-6 Two hydrogen atoms bond with an oxygen atom to form water. 

2-7 The amount of hydroxide ion (OH - ) in a solution deereases when 

the amount of hydrogen ion (H + ) inereases. 
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2-8 The building bloeks (monomers) of disaeeharides and polysae- 

eharides are monosaeeharides. 

2-9 There are three earbon atoms in glyeerol. 

2-10 The amino group of an amino aeid eontains nitrogen. 

2-11 The shape of an enzyme after the reaetion is the same as it was 

before the reaetion. 

2-12 The prehx tri- means three. 


ehapter 3 


Answers to Oheekpoint Questions 

3-1 The eell shows organization, metabolism, responsiveness, homeo- 

stasis, growth, and reproduction. 

3-2 Three types of mieroseopes are the compound light mieroseope, 

transmission eleetron mieroseope (TEM), and seanning eleetron 
mieroseope (SEM). 

3-3 The four substances found within the plasma membrane are phos- 

pholipids, eholesterol, earbohydrates (glyeoproteins and glyeolip- 
ids), and proteins. 

3-4 The eell organelles are speeialized structures that perform differ- 

ent tasks. 

3-5 The nucleus is ealled the eell’s eontrol eenter because it eontains the 

ehromosomes, hereditary units that eontrol all cellular aetivities. 

3-6 The two types of organelles used for movement are eilia, which are 

small and hairlike, and the flagellum, which is long and whiplike. 

3-7 Diffusion, osmosis, and hltration do not direetly require cellular 

energy. Aetive transport and bulk transport require cellular energy. 
Bulk transport includes endoeytosis (phagoeytosis, pinoeytosis, 
reeeptor-mediated endoeytosis) and exocytosis. 

3-8 An isotonie solution is the same eoneentration as the eytoplasm; 

a hypotonie solution is less eoneentrated; a hypertonie solution is 
more eoneentrated. 

3-9 Nucleotides are the building bloeks of nucleic aeids. 

3-10 DNA eodes for proteins in the eell. 

3-11 The three types of RNA aetive in protein synthesis are messenger 

RNA (rRNA), ribosomal RNA (rRNA), and transfer RNA (tRNA). 

3-12 Before mitosis ean occur, the DNA must replieate (double). 

Replieation occurs during interphase. 

3-13 The four stages of mitosis are prophase, metaphase, anaphase, and 

telophase. 

Answers to Oasepoint Questions 

3-1 The membrane protein involved in Ben’s ease is a ehannel protein. 

3-2 Some organelles involved in protein synthesis and transport are 

ribosomes, ER, Golgi apparatus, and vesieles. 

3-3 Preventing ehloride from entering eells would make the surround- 

ing fluid hypertonie. 

3-4 Diffusion using ehannels is involved in moving ehloride aeross the 

plasma membrane. 

Answers to Zooming In Questions 

3-1 The transmission eleetron mieroseope (TEM) in B shows the most 

internal structure. The seanning eleetron mieroseope (SEM) in C 
shows the eilia in three dimensions. 

3-2 Ribosomes attaehed to the ER make it look rough. Cytosol is the 

liquid part of the eytoplasm. 

3-3 The plasma membrane is deseribed as a bilayer because it is eon- 

structed of two layers of phospholipids. 


3-4 Epithelial eells (B) would best eover a large surface area because 

they are flat. 

3-6 A deerease in the mrniber of transporters would deerease solute 

transport. 

3-7 If the solute could pass through the membrane in this system, 

the solute and solvent molecules would equalize on the two sides 
of the membrane, and the fluid level would be the same on both 
sides. 

3-8 If the eoneentration of solute was inereased on side B of this sys- 

tem, the osmotie pressure would inerease. 

3-9 If lost blood were replaeed with pure water, red blood eells would 

swell because the blood would beeome hypotonie to the eells. 

3-10 A lysosome would likely help destroy a partiele taken in by 

phagoeytosis. 

3-12 The nucleotides pair up so that there is one larger nucleotide and 

one smaller nucleotide in eaeh pair. Speeiheally, A pairs with T, 
and G pairs with C. 

3-15 If the original eell has 46 ehromosomes, eaeh daughter eell will 

have 46 ehromosomes after mitosis. 


ehapter 4 


Answers to Oheekpoint Questíons 

4-1 The three basie shapes of epithelium are squamous (flat and irreg- 

ular), cuboidal (square), and columnar (long and narrow). 

4-2 Exocrine glands seerete into a nearby organ, eavity, or to the surface 

of the skin and generally seerete through ducts. Endoerine glands 
seerete direetly into surrounding tissue fluids and into the blood. 

4-3 The intereelhdar material in eonneetive tissue is the matrix. 

4-4 Collagen makes up the most abundant hbers in eonneetive tissue. 

4-5 Fibroblasts eharaeterize dense eonneetive tissue. Chondrocytes 

eharaeterize eartilage. Osteoblasts and osteoeytes eharaeterize 
bone tissue. 

4-6 The three types of muscle tissue are skeletal (voluntary), eardiae, 

and smooth (viseeral) muscle. 

4-7 The basie eell of the nervous system is the neuron, and it earries 

nerve impulses. 

4-8 The nonconducting support eells of the nervous system are neuro- 

glia (glial eells). 

4-9 The three types of epithelial membranes are serous membranes, 

mucous membranes, and the cutaneous membrane (skin). 

4-10 A parietal serous membrane is attaehed to the wall of a eavity or sae. 

A viseeral serous membrane is attaehed to the surface of an organ. 

4-11 Faseia is a hbrous band or sheet that supports and holds organs. 

Superhcial faseia underlies the skin, and deep faseia eovers mus- 
eles, nerves, and vessels. 

Answers to Oasepoint Questions 

4-1 Squamous eells are flat and irregular. 

4-2 The cutaneous membrane was involved in Paul’s ease study. It is 

an epithelial membrane eomposed of stratihed squamous epithe- 
lium and dense irregular eonneetive tissue. 

Answers to Zooming In Questions 

4-1 The epithelial eells are in a single layer. 

4-2 Stratihed epithelium proteets underlying tissue from wear and tear. 

4-4 Of the tissues shown, areolar eonneetive tissue has the most hbers; 

adipose tissue is modihed for storage. 
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ehapter 5 


Answers to Checkpoint Questions 

5-1 The integumentary system eomprises the skin and all its assoei- 

ated structures. 

5-2 The epidermis is the superhcial layer of the skin; the dermis is the 

deeper layer. 

5-3 The subcutaneous layer is eomposed of loose eonneetive tissue 

and adipose (fat) tissue. 

5-4 The sebaceous glands produce an oily seeretion ealled sebum. 

5-5 The sweat glands are the sudoriferous glands. 

5-6 A hair folliele is the sheath in which a hair develops. 

5-7 The aetive eells that produce a nail are loeated in the nail root at 

the proximal end of the nail. 

5-8 Keratin and sebum help prevent dehydration. 

5-9 Temperature is regulated through the skin by dilation (widening) 

and eonstrietion (narrowing) of blood vessels and by evaporation 
of perspiration from the body surface. 

5-10 Melanin, hemoglobin, and earotene are pigments that give eolor to 

the skin. 

5-11 Four faetors that affeet healing are nutrition, blood supply, infee- 

tion, and age. 

Answers to Oasepoint Questions 

5-1 Hazel’s hand burn involved the epidermis. The forearm burn 

involved both the epidermis and dermis. 

5-2 The stratum basale (germinativum) will produce new eells to 

replaee Hazels’ damaged epidermis. 

5-3 The physieian used antibaeterial eream because without the skin 

as a barrier, the underlying tissue is subject to infeetion. 

5-4 Pain indieated that the nerve endings in the dermis were not 

destroyed. 

5-5 Hemoglobin gave Hazel’s skin its eolor at the burn site. 

Answers to Zooming In Questions 

5-1 The epidermis is supplied with oxygen and nutrients from blood 

vessels in the dermis. The subcutaneous layer is loeated beneath 
the skin. 

5-4 The sebaceous glands and apoerine sweat glands seerete to the 

outside through the hair follieles. The sweat glands are made of 
simple cuboidal epithelium. 


ehapter 6 


Answers to Oheekpoint Questions 

6-1 The diaphysis is the shaft of a long bone; the epiphysis is the end 

of a long bone. 

6-2 Calcium compounds are deposited in the intereelhdar matrix of 

the embryonie skeleton to harden it. 

6-3 The eells found in bone are osteoblasts, which build bone tissue; 

osteoeytes, which maintain bone; and osteoelasts, which break 
down (resorb) bone. 

6-4 Compact bone makes up the main shaft of a long bone and the 

outer layer of other bones; spongy (cancellous) bone makes up the 
ends of the long bones and the eenter of other bones. It also lines 
the medullary eavity of the long bones. 


6-5 The epiphyseal plates are the seeondary growth eenters of a long 

bone. 

6-6 The markings on bones help form joints, are points for muscle 

attaehments, and allow passage of nerves and blood vessels. 

6-7 The skeleton of the trunk eonsists of the vertebral column and the 

bones of the thorax, which are the ribs and sternum. 

6-8 The hve regions of the vertebral column are the eervieal vertebrae, 

thoraeie vertebrae, lumbar vertebrae, saemm, and coccyx. 

6-9 The four regions of the appendicular skeleton are the shoulder 

girdle, upper extremity, pelvie bones, and lower extremity. 

6-10 The three types of joints based on the degree of movement allowed 

are synarthrosis, amphiarthrosis, and diarthrosis. 

6-11 A synovial joint or diarthrosis is the most freely moveable type of 

joint. A ball-and-soeket joint is the most moveable type of syno- 
vial joint. 

Answers to Oasepoint Questions 

6-1 The end of a long bone is the epiphysis. 

6-2 The fracture line would eontaet red marrow. 

6-3 Osteoblasts would produce new bone tissue. 

6-4 The fracture erosses the proximal end of the bone. 

6-5 The fracture would not pass through the medullary eavity. 

6-6 Reggie’s fracture involved a diarthrotie, freely movable, synovial, 

ball-and-soeket joint. 

Answers to Zooming In Questions 

6-2 The periosteum is the membrane on the outside of a long bone; 

the endosteum is the membrane on the inside of a long bone. 

6-3 Osteoeytes are loeated in the spaees (lacunae) of eompaet bone. 

6-5 The maxilla and palatine bones make up eaeh side of the hard pal- 

ate. A foramen is a hole. The ethmoid makes up the superior and 
middle eonehae. 

6-6 The anterior fontanel is the largest fontanel. 

6-7 The eervieal and lumbar vertebrae form a convex curve. The lum- 

bar vertebrae are the largest and heaviest because they bear the 
most weight. 

6-8 The eostal eartilages attaeh to the ribs. 

6-9 The prehx supra- means above; the prehx infra- means below. 

6-10 The ulna is the medial bone of the forearm. 

6-12 The oleeranon of the ulna forms the bony prominenee of the 

elbow. 

6-13 There are 14 phalanges on eaeh hand. 

6-14 The ischium is nieknamed the “sit bone.” 

6-16 The hbula is the lateral bone of the leg; the tibia is weight bearing. 

6-17 The calcaneus is the heel bone; the talus forms a joint with the 

tibia. 

6-18 The greater troehanter is a point for ligament attaehment; articular 

(hyaline) eartilage eovers the ends of a bone. 


ehapter 7 


Answers to Oheekpoint Questions 

7-1 The three types of nrnsele are smooth muscle, eardiae muscle, and 

skeletal muscle. 

7-2 The three main functions of skeletal muscle are movement of the 

skeleton, maintenanee of posture, and generation of heat. 
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7-3 Bundles of muscle fìbers are ealled faseieles. 

7-4 The membrane or transmembrane potential is the term for the 

differenee in eleetrieal eharge on the two sides of a membrane. 

7-5 The neuromuscular junction (NMJ) is the speeial synapse where a 

nerve eell makes eontaet with a nrnsele eell. 

7-6 Aeetyleholine (ACh) is the neurotransmitter involved in the stim- 

ulation of skeletal nrnsele eells. 

7-7 Calcium is needed to allow aetin and myosin to interaet. 

7-8 ATP is the compound produced by the oxidation of nutrients that 

supplies the energy for muscle eontraetion. 

7-9 Myoglobin stores reserves of oxygen in muscle eells. 

7-10 The two main types of nrnsele eontraetion are isotonie and isomet- 

rie eontraetions. 

7-11 The origin is the muscle’s attaehment to a less movable part of the 

skeleton; the insertion is the attaehment to a movable part of the 
skeleton. When a muscle eontraets, the insertion is brought eloser 
to the origin. 

7-12 The muscle that produces a movement is the prime mover; the 

muscle that produces the opposite movement is the antagonist. 

7-13 A third-elass lever represents the aetion of most muscles. In this 

system, the fulcrum is behind the point of effort and the resistanee 
(weight). 

7-14 The diaphragm is the muscle most important in breathing. 

7-15 The nmseles of the abdominal wall are strengthened by having the 

muscle hbers run in different direetions. 

Answers to Oasepoint Questions 

7-1 Skeletal muscles are the effeetors in voluntary movements. 

7-2 The voluntary, or somatie, nervous system eontrols voluntary 

movements. 

7-3 The main myohlaments in muscle eells are aetin and myosin. 

7-4 The two largest muscle of the ealf are the gastrocnemius and 

soleus. 

7-5 The quadriceps femoris is the large muscle group of the anterior 

thigh. 

7-6 The hamstring muscles form the posterior thigh. 

Answers to Zooming In Questions 

7-1 The endomysium is the innermost layer of eonneetive tissue in a 

skeletal muscle. Perimysium surrounds a faseiele of muscle hbers. 

7-4 The aetin and myosin hlaments do not ehange in length as muscle 

eontraets; they simply overlap more. 

7-6 Contraction of the braehialis produces hexion at the elbow. 

7-7 In a third-elass lever system, the fulcrum is behind the point of 

effort and the resistanee (weight). 

7-10 The frontalis, temporalis, nasalis, and zygomaticus are named for 

the bones they are near. 

7-11 Carpi means wrist; digitorum means hngers. 

7-13 Rectus means straight; oblique means at an angle. 

7-15 Four muscles make up the quadriceps femoris. 

7-16 The Aehilles tendon inserts on the calcaneus (heel bone). 
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Answers to Oheekpoint Questions 

8-1 The two structural divisions of the nervous system are the eentral 

nervous system and peripheral nervous system. 

8-2 The somatie nervous system is voluntary and eontrols skeletal 

muscle; the autonomic (viseeral) nervous system is involuntary 


and eontrols involuntary muscles (eardiae and smooth muscle) 
and glands. 

8-3 A dendrite is a neuron hber that earries impulses toward the eell 

body; an axon is a neuron hber that earries impulses away from 
the eell body. 

8-4 Myelinated hbers are white; unmyelinated tissue is gray. 

8-5 Sensory (afferent) nerves eonvey impulses toward the CNS; motor 

(efferent) nerves eonvey impulses away from the CNS. 

8-6 A nerve is a bundle of neuron hbers in the peripheral nervous 

system; a traet is a bundle of neuron hbers in the eentral nervous 
system. 

8-7 Neuroglia (glial eells) are the nonconducting eells of the nervous 

system that proteet, nourish, and support the neurons. 

8-8 The two stages of an aetion potential are the rising phase or depo- 

larization, when the eharge on the membrane reverses, and the 
falling phase or repolarization, when the eharge returns to the 
resting state. 

8-9 Sodium ion (Na + ) and potassium ion (K + ) are the two ions involved 

in generating an aetion potential. 

8-10 The myelin sheath speeds conduction along an axon. 

8-11 A synapse is the junction between two neurons. 

8-12 Neurotransmitters are the ehemieals that earry information aeross 

the synaptie eleft. 

8-13 The gray matter forms an H-shaped seetion in the eenter of the 

eord and extends in two pairs of columns ealled the dorsal and 
ventral horns. The white matter is loeated around the gray matter. 

8-14 Traets in the white matter of the spinal eord earry impulses to 

and from the brain. Aseending traets conduct toward the brain; 
deseending traets conduct away from the brain. 

8-15 There are 31 pairs of spinal nerves. 

8-16 The dorsal root of a spinal nerve eontains sensory hbers; the ven- 

tral root eontains motor hbers. 

8-17 A plexus is a network of spinal nerves. 

8-18 A reflex are is a pathway through the nervous system from a stim- 

ulus to an effeetor. 

8-19 There are two neurons in eaeh motor pathway of the autonomic 

nervous system (ANS). 

8-20 The sympathetie system stimulates a stress response; the parasym- 

pathetie system reverses a stress response. 

Answers to Oasepoint Questions 

8-1 The neuron hbers in the white matter are myelinated. 

8-2 Deseending traets in the spinal eord earry motor impulses from 

the brain to muscles. 

8-3 The 5th lumbar spinal nerve earried the sensory signal for touch 

from the top of her foot. 

8-4 Aseending traets in the spinal eord conduct the touch stimuli to 

the brain. 

8-5 Sue’s physieian was studying a simple spinal rehex. 

Answers to Zooming In Questions 

8-1 The brain and spinal eord make up the eentral nervous system; the 

eranial nerves and spinal nerves make up the peripheral nervous 
system. 

8-2 The neuron shown is a motor neuron because it is earrying infor- 

mation away from the CNS toward an effeetor organ. It is part 
of the somatie nervous system, because the effeetor is skeletal 
muscle. 

8-5 The endoneurium is the deepest layer of eonneetive tissue in a 

nerve; the epineurium is the outermost layer. 

8-7 The sodium eoneentration is higher in the interstitial huid. 
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8-8 The eharge on the membrane reverses at the point of an aetion 

potential. 

8-11 The spinal eord is not as long as is the spinal column. There are 

seven eervieal vertebrae and eight eervieal spinal nerves. 

8-12 The saeral spinal nerves (Sl) earry impulses from the skin of the 

toes. The eervieal spinal nerves (C6, 7, 8) earry impulses from the 
skin of the anterior hand and hngers. 

8-13 The reflex are shown is a somatie reflex are, as it involves a skeletal 

muscle effeetor. An interneuron is loeated between the sensory 
and motor neurons in the CNS. 

8-14 The parasympathetie system has ganglia eloser to the effeetor 

organs. 
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Answers to Checkpoint Questíons 

9-1 The main divisions of the brain are the cerebrum, dieneephalon, 

brain stem, and cerebellum. 

9-2 The three layers of the meninges are the dura mater, araehnoid, 

and pia mater. 

9-3 CSF is produced in the ventrieles of the brain. The two lateral 

ventrieles are in the eerebral hemispheres, the third ventriele is in 
the dieneephalon, and the fourth is between the brain stem and 
the cerebellum. 

9-4 The frontal, parietal, temporal, and oeeipital lobes are the four 

surface lobes of eaeh eerebral hemisphere. 

9-5 The eerebral cortex is the outer layer of gray matter of the eerebral 

hemispheres where higher functions occur. 

9-6 The thalamus and hypothalamus are the two main portions of the 

dieneephalon. The thalanms direets sensory input to the eerebral 
cortex; the hypothalamus helps to maintain homeostasis. 

9-7 The midbrain, pons, and medulla oblongata are the three subdivi- 

sions of the brain stem. 

9-8 The cerebellum aids in eoordination of voluntary muscles, main- 

tenanee of balanee, and maintenanee of nrnsele tone. 

9-9 The cingulate gyrus, hippocampus, amygdala, and portions of the 

hypothalamus are four structures in the limbie system. 

9-10 The basal nuclei modulate motor inputs and faeilitate routine 

motor tasks. 

9-11 The reticular aetivating system keeps one awake and attentive and 

sereens out unnecessary sensory input. 

9-12 There are 12 pairs of eranial nerves. 

9-13 Cranial nerves may be sensory, motor, and mixed. A mixed nerve 

has both sensory and motor hbers. 

Answers to Oasepoint Questions 

9-1 The oeeipital lobe proeesses visual stinmli. 

9-2 Natalie’s short-term memory has been affeeted. 

9-3 The reticular formation is involved with sleep-wake eyeles. The 

limbie system is involved in emotional responses. 

9-4 A CT sean evaluates lesions of bone, soft tissue, and brain eavities. 

Further studies might require an MRI. 

9-5 Visual symptoms might involve eranial nerves II, III, IV, or VI. 

Answers to Zooming In Questions 

9-1 The eerebmm is the largest part of the brain. The brain stem, spe- 

eiheally the medulla oblongata, eonneets with the spinal eord. 

9-2 The dural (venous) sinuses are formed where the dura mater 

divides into two layers. There are three layers of meninges. 


9-3 The fourth ventriele is continuous with the eentral eanal of the 

spinal eord. 

9-4 The eentral sulcus separates the frontal from the parietal lobe; the 

lateral sulcus separates the temporal from the frontal and parietal 
lobes. 

9-5 The primary somatosensory area is posterior to the eentral sulcus. 

The primary motor area is anterior to the eentral sulcus. 

9-6 The pituitary gland is attaehed to the hypothalanms. 

9-8 The cingulate gyms is the part of the eerebral cortex that eontrib- 

utes to the limbie system. 
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Answers to Oheekpoint Questions 

10-1 A sensory reeeptor is a part of the nervous system that deteets a 

stimulus. 

10-2 Based on types of stimulus, there are ehemoreeeptors that respond 

to ehemieals in solution; photoreeeptors that respond to light; 
thermoreeeptors that respond to temperature; and meehanoreeep- 
tors that respond to movement. 

10-3 The general senses are widely distributed; the speeial senses are in 

speeialized sense organs. 

10-4 When a sensory reeeptor adapts to a stimulus, it fails to respond. 

10-5 Structures that proteet the eye include the skull bones, eyelids, 

eyelashes and eyebrow, laerimal gland, and conjunctiva. 

10-6 The extrinsic eye muscles pull on the eyeball so that both eyes 

eenter on one visual held, a proeess known as eonvergenee. 

10-7 The optie nerve (eranial nerve II) earries visual impulses from the 

retina to the brain. 

10-8 The hbrous tunic is the outermost tunic (mainly the selera); the 

vascular tunic is the middle tunic (mainly the ehoroid); the ner- 
vous tunic is the innermost tunic (the retina). 

10-9 The structures that refraet light as it passes through the eye are the 

eornea, aqueous humor, lens, and vitreous body. 

10-10 The eiliary muscle eontraets and relaxes to regulate the thiekness 

of the lens and allow aeeommodation for near and far vision. 

10-11 The iris adjusts the size of the pupil to regulate the amount of light 

that enters the eye. 

10-12 The rods and eones are the reeeptor eells of the retina. 

10-13 The three divisions of the ear are the outer, middle, and inner ear. 

10-14 The ear ossieles are the malleus, incus, and stapes. They transmit 

sound waves from the tympanie membrane to the inner ear. 

10-15 The fluids in the inner ear are the endolymph and the perilymph. 

Endolymph is found in the membranous labyrinth; perilymph is 
found around the membranous labyrinth in the bony labyrinth. 

10-16 The hearing organ is the spiral organ (organ of Corti) loeated in 

the eoehlear duct within the eoehlea. 

10-17 The equilibrium reeeptors are loeated in the vestibule and semieir- 

cular eanals of the inner ear. 

10-18 The senses of taste and smell are the speeial senses that respond to 

ehemieal stimuli. 

10-19 Touch, pressure, temperature, position (proprioeeption), and pain 

are the general senses. 

10-20 Proprioeeptors are the reeeptors that respond to ehange in posi- 

tion. They are loeated in muscles, tendons, and joints. 

Answers to Oasepoint Questions 

10-1 Meehanoreeeptors eoneerned with hearing were involved in 

Evan’s ease. Hearing is a speeial sense. 
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10-2 The eiliated hair eells in the spiral organ were damaged in Evan’s 

ease. 

10-3 Evan’s implant would not work if the 8 lh eranial nerve was 

damaged. The hair eells would respond to vibration, but nerve 
impulses would not be conducted to the brain for interpretation. 

10-4 Evan’s equilibrium would not be affeeted by his disease because 

equilibrium reeeptors are separate from hearing reeeptors. 

Answers to Zooming In Questions 

10-3 Loeation and direetion of bbers are eharaeteristies used in naming 

the extrinsic eye muscles. 

10-4 The eornea is the anterior structure continuous with the selera. 

10-5 The suspensory ligaments hold the lens in plaee. 

10-6 The eiliary muscle is eontraeted when the lens is rounded. 

10-7 The circular muscle hbers of the iris eontraet to make the 

pupil smaller. The radial muscles eontraet to make the pupil 
larger. 

10-9 The tympanie membrane separates the outer ear from the middle 

ear. 

10-10 Perilymph is in eontaet with the membrane lining the vestibular 

duct. 

10-11 The teetorial membrane eontains the eilia of the hair eells. 

10-12 The eilia of the macular eells bend when the otolithie membrane 

moves. 

10-15 The dendrite of an olfaetory reeeptor eell interaets with an 

odorant. 
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Answers to Oheekpoint Questíons 

11-1 Hormones are ehemieals that have speeihe regulatory effeets on 

eertain eells or organs in the body. Some of their effeets are to 
regulate growth, metabolism, reproduction, and behavior. 

11-2 The target tissue is the speeihe tissue that responds to a hormone. 

11-3 Hormones ehemieally are amino aeid compounds and steroids. 

11-4 Negative feedbaek is the main method used to regulate hormone 

seeretion. 

11-5 The hypothalanms eontrols the pituitary. 

11-6 Antidiuretic hormone (ADH) and oxytocin are released from the 

posterior pituitary. 

11-7 Growth hormone (GH), thyroid-stimulating hormone (TSH), 

adrenoeortieotropie hormone (ACTH), prolaetin (PRL), folliele- 
stinmlating hormone (FSH), and luteinizing hormone (LH) are 
the hormones released from the anterior pituitary. 

11-8 Thyroid hormones inerease the metabolie rate in eells. 

11-9 Iodine is needed to produce thyroid hormones. 

11-10 Calcium is regulated by parathyroid hormone and ealeitriol. 

11-11 Epinephrine (adrenaline) is the main hormone produced by the 

adrenal medulla. 

11-12 Glucocorticoids, mineraloeortieoids, and sex hormones are 

released by the adrenal cortex. 

11-13 Cortisol raises blood glucose levels. 

11-14 Insulin and glucagon produced by the panereatie islets regulate 

glucose levels. 

11-15 Seeondary sex eharaeteristies are features assoeiated with gender 

other than reproductive aetivity. 

11-16 The pineal gland seeretes melatonin. 

11-17 The kidneys produce erythropoietin. Bone tissue produces osteo- 

ealein. The atria of the heart produce ANP. 


11-18 Epinephrine, eortisol, ADH, and growth hormone are four hor- 

mones released in times of stress. 

Answers to Oasepoint Questions 

11-1 The step between the eontrol eenter and the effeetor is intermpted 

in Beeky’s ease, as the panereas does not produce insulin. 

11-2 Insulin is a protein eomposed of amino aeids. Steroids are pro- 

duced only by the sex glands and the adrenal cortex. 

11-3 Beeky is losing weight because her body eannot adequately utilize 

glucose or eonvert nutrients into fat. 

11-4 Diabetes mellitus inereases blood glucose, inhibiting glucagon seere- 

tion by negative feedbaek, so ghteagon seeretion would be reduced. 

11-5 Beeky has to injeet insulin daily because her panereas is not pro- 

ducing the hormone, so it is not possible to treat her by improving 
the hormone’s effeetiveness. 

Answers to Zooming In Questions 

11-2 The infundibulum eonneets the hypothalamus and the pituitary 

gland. 

11-3 The anterior pituitary eontrols the thyroid gland through release 

of TSH. Pituitary aetivity is, in turn, regulated by the hypothala- 
mus by means of the releasing hormone TRH. 

11-4 The larynx is superior to the thyroid; the traehea is inferior to the 

thyroid. 

11-6 The cortex is the outer region of the adrenal gland; the medulla is 

the inner region. 

11-9 Insulin and glucagon mainly influence the liver and skeletal 

nmseles. 
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Answers to Oheekpoint Questions 

12-1 Four types of substances transported in the blood are gases, nutri- 

ents, waste, and hormones. 

12-2 7.35 to 7.45 is the pH range of the blood. 

12-3 The two main eomponents of blood are the liquid portion, or 

plasma, and the formed elements, which include the eells and eell 
fragments. 

12-4 Protein is the most abundant type of substance in plasma aside 

from water. 

12-5 All blood eells form in red bone marrow. 

12-6 Hematopoietie stem eells give rise to all blood eells. 

12-7 The main function of hemoglobin is to earry oxygen in the blood. 

12-8 The granular leukocytes are neutrophils, eosinophils, and baso- 

phils. The agranular leukocytes are lymphoeytes and monoeytes. 

12-9 The main function of leukocytes is to destroy pathogens. They 

also remove other foreign material and eelhdar debris. 

12-10 Platelets are essential to blood elotting (coagulation). 

12-11 Hemostasis is the proeess that stops blood loss. 

12-12 Fibrin forms a elot. 

12-13 Serum does not eontain elotting faetors; plasma does. 

12-14 An antigen is any substance that aetivates an immune response. 

12-15 The four ABO blood type groups are A, B, AB, and O. 

12-16 The Rh faetor is assoeiated with ineompatibility during pregnaney. 

12-17 Blood is eommonly separated into its eomponent parts by a centrifuge. 

12-18 A hematoerit measures the relative volume of red eells in blood. 

12-19 Hemoglobin is expressed as grams per deeiliter (dL) of whole 

blood or as a pereentage of a given standard, usually the average 
male normal of 15.6 grams hemoglobin per dL. 
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Answers to Oasepoint Questions 

12-1 Eleanor has low hemoglobin levels. As hemoglobin adds eolor to 

the skin, her skin was pale. As hemoglobin earries oxygen, her 
eells were not getting enough oxygen to generate the amount of 
ATP needed for everyday aetivities, so she was tired. 

12-2 Eleanor was subject to repeated infeetion because she had fewer 

infeetion-hghting white blood eells than normal. 

12-3 Eleanor’s nosebleeds and tiny skin hemorrhages indieated a low 

platelet count. 

12-4 Eleanor’s red eells had no ABO blood type antigens on her red 

eells, as she was type O. 

12-5 With type O blood, she had both A and B antibodies in her blood 

plasma. 

12-6 As Rh positive, she had no Rh antibodies in her plasma or her 

plasma would agglutinate her own red eells. 

12-7 A platelet transfusion might have helped Eleanor, as her platelet 

count was low. 

12-8 A hematoerit value of 30% was likely. 

Answers to Zooming In Quest ons 

12-2 Erythroeytes (red blood eells) are the most numerous eells in the 

blood. 

12-3 Erythroeytes are deseribed as bieoneave because they have an 

inward depression on both sides. 

12-5 Simple squamous epithelium makes up the eapillary wall. 

12-7 The sufhx -ase indieates that prothrombinase is an enzyme. The 

prehx pro- indieates that prothrombin is a precursor. 

12-8 No. To test for Rh antigen, you have to use anti-Rh serum. The two 

types of antigens are independent. 

^fl 
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Answers to Checkpoint Questions 

13-1 The endocardium is the innermost layer of the heart wall; the 

myocardium is the middle layer; the epicardium is the outermost 
layer. 

13-2 The pericardium is the sae that eneloses the heart. 

13-3 The atrium is the heart’s upper reeeiving ehamber on eaeh side. 

The ventriele is the lower pumping ehamber on eaeh side. 

13-4 The valves direet the forward flow of blood through the heart. 

13-5 The eoronary circulation is the system that supplies blood to the 

myocardium. 

13-6 Systole is the eontraetion phase of the eardiae eyele. Diastole is the 

relaxation phase. 

13-7 Cardiac output is the amount of blood pumped by eaeh ventriele 

in 1 minute. It is determined by the stroke vohrnie, the amount of 
blood ejeeted from the ventriele with eaeh beat, and by the heart 
rate, the mtrnber of times the heart beats per minute. 

13-8 The seientihe name for the paeemaker is the sinoatrial (SA) node. 

13-9 The autonomic nervous system is the main influence on the rate 

and strength of heart eontraetions. 

13-10 A heart murmur is an abnormal heart sound. 

13-11 ECG (EKG) stands for eleetroeardiogram or eleetroeardiography. 

13-12 Catheterization is the use of a thin tube threaded through a vessel 

for diagnosis or repair. 

13-13 Coronary angiography and eoronary computed tomography angi- 

ography (CTA) are techniques that use a dye and x-rays to visual- 
ize the eoronary arteries. 


Answers to Oasepoint Questions 

13-1 If the left eoronary artery is bloeked the circumflex artery and the 

left anterior deseending artery would not reeeive blood. 

13-2 At a heart rate of 80 bpm and stroke vohrnie of 50 mL Jim’s eardiae 

output is 4 L/min (4,000 mL). 

13-3 The medulla oblongata of the brain stem has vital eenters that 

eontrol heart rate and respiration rate. 

13-4 A heart rate of 160 bpm would be eonsidered taehyeardia. 

13-5 Ventricular repolarization is occurring during the ST interval. 

Answers to Zooming In Questions 

13-1 The left lung is smaller than the right because the heart is loeated 

more toward the left of the thorax. 

13-2 The myocardium is the thiekest layer of the heart wall. 

13-4 The left ventriele of the heart has the thiekest wall. 

13-5 The right AV valve has three cusps; the left AV valve has two 

cusps. 

13-6 The eoronary sinus is the largest eardiae vein. It leads into the 

right atrium. 

13-8 The AV (tricuspid and mitral) valves elose when the ventrieles 

eontraet. The semilunar (pulmonary and aortie valves) open when 
the ventrieles eontraet. 

13-9 The internodal pathways eonneet the sinoatrial (SA) and atrioven- 

tricular (AV) nodes. 

13-10 The vagus nerve (eranial nerve X) earries parasympathetie 

impulses to the heart. 

13-11 The length of the eardiae eyele in this diagram is 0.8 seeonds. 

^fl 
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Answers to Checkpoint Questions 

14-1 The hve types of blood vessels are arteries, arterioles, 

capillaries,venules, and veins. 

14-2 The pulmonary circuit earries blood from the heart to the lungs 

and baek to the heart; the systemie circuit earries blood to and 
from all remaining tissues in the body. 

14-3 Smooth muscle makes up the middle layer of arteries and veins. 

Smooth muscle is involuntary nrnsele eontrolled by the auto- 
nomie nervous system. 

14-4 A single layer of squamous epithelium makes up the wall of a 

eapillary. 

14-5 The aorta is divided into the aseending aorta, aortie areh, thoraeie 

aorta, and abdominal aorta. The thoraeie aorta and abdominal 
aorta make up the deseending aorta. 

14-6 The braehioeephalie, left eommon earotid, and left subclavian 

arteries are the three branehes of the aortie areh. 

14-7 The braehioeephalie artery supplies the arm and head on the right 

side. 

14-8 An anastomosis is a eomrmmieation between two vessels. 

14-9 Superhcial veins are near the surface; deep veins are eloser to the 

interior and generally parallel the arteries. 

14-10 The superior vena eava and inferior vena eava drain the systemie 

circuit and empty into the right atrium. 

14-11 A venous sinus is a large ehannel that drains blood low in oxygen. 

14-12 The hepatie portal system takes blood from the abdominal organs 

to the liver. 

14-13 Blood pressure helps push material out of a eapillary; blood 

osmotie pressure helps draw materials into a eapillary. 
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14-14 Vasodilation (widening) and vasoeonstrietion (narrowing) are the 

two types of vasomotor ehanges. 

14-15 Vasomotor aetivities are regulated in the medulla of the brain 

stem. 

14-16 Pulse is the wave of pressure that begins at the heart and travels 

along the arteries. 

14-17 Blood pressure is the foree exerted by blood against the walls of 

the vessels. 

14-18 Blood vessel diameter, as regulated by vasomotor aetivities, is the 

most important faetor in determination of peripheral resistanee. 
Other faetors are blood viseosity and blood vessel length. 

14-19 Baroreeeptors are the sensors for blood pressure. 

14-20 Systolie and diastolie pressures are measured when taking blood 

pressure. 

Answers to Oasepoint Questions 

14-1 A blood elot in a leg vein would bloek blood flow toward the 

heart. 

14-2 The inner layer of a blood vessel is the endothelium, made of sim- 

ple squamous epithelium. 

14-3 From the popliteal vein the elot would enter the femoral vein. 

14-4 The inferior vena eava would earry the elot into the heart. 

14-5 The elot would enter the right atrium of the heart. 

14-6 The elot would not enter the hepatie portal system because that 

system reeeives blood from the abdominal organs. 

14-7 Inereased blood pressure in the eapillaries would foree fluid out of 

the eapillaries and into the tissues, causing swelling of the tissues. 

Answers to Zooming In Questions 

14-1 Pulmonary arteries eontain oxygen-poor blood. Pulmonary veins 

eontain oxygen-rich blood. 

14-2 Veins have valves that eontrol blood flow. 

14-3 An artery has a thieker wall than a vein of eomparable size. 

14-4 There is one braehioeephalie artery. 

14-5 The left and right eommon iliae arteries braneh from the terminal 

aorta. 

14-7 There are two braehioeephalie veins. 

14-8 The internal jugular vein reeeives blood from the transverse sinus. 

14-9 The hepatie veins drain into the inferior vena eava. 

14-11 The proximal valve is eloser to the heart. 

14-12 Pulse pressure drops to 0 in the arterioles. 

14-13 Heart rate inereases when blood pressure falls. 


/ \ 
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Answers to Oheekpoint Questions 

15-1 The lymphatie system helps maintain fluid balanee by bringing 

excess fluid and proteins from the tissues to the blood, proteets 
against foreign material and foreign or abnormal eells, and absorbs 
fats from the small intestine. 

15-2 The lymphatie eapillaries are more permeable than are blood eap- 

illaries and begin blindly. They are elosed at one end and do not 
bridge two vessels. 

15-3 The right lymphatie duct and the thoraeie duct are the two main 

lymphatie vessels. 

15-4 Lymph nodes hlter lymph. They also have lymphoeytes to hght 

infeetion. 

The spleen hlters blood. 


15-6 T eells of the imrmrne system develop in the thynrns. 

15-7 MALT stand for nmeosa-assoeiated lymphoid tissue; GALT stands 

for gut-associated lymphoid tissue. 

15-8 Innate barriers such as the skin, mucous membranes, body seere- 

tions, and reflexes are the hrst line of defense against the invasion 
of pathogens. 

15-9 Innate eells and ehemieals are two eomponents in the seeond line 

of defense against infeetion. 

15-10 Heat, redness, swelling, andpainare the four signs ofinflammation. 

15-11 Fever boosts the immune system by stimulating phagoeytes, 

inereasing metabolism, and deereasing the ability of eertain miero- 
organisms to multiply. 

15-12 Adaptive immunity is an individual’s power to resist or over- 

eome any particular disease or its products. Adaptive immunity 
is acquired during a person’s lifetime, usually from eontaet with a 
disease organism or a vaeeine. 

15-13 An antigen is any foreign substance, usually a protein, that induces 

an immune response. 

15-14 The four types of T eells are cytotoxic, helper, regulatory, and 

memory T eells. 

15-15 Antigen-presenting eells (APC) take in and digest a foreign anti- 

gen. They then display fragments of the antigen in their plasma 
membrane along with self (MHC) antigens that a T eell ean 
reeognize. 

15-16 An antibody is a substance produced in response to an antigen. 

15-17 Plasma eells, derived from B eells, produce antibodies. 

15-18 Aetive adaptive immunity involves a person’s own immune sys- 

tem. Passive adaptive immunity depends on antibodies from an 
outside source. 

15-19 Natural adaptive imrmmity results from eontaet with a disease 

organism or obtaining antibodies from an outside source without 
medieal intervention. Artiheial adaptive imnmnity results from 
administration of a vaeeine or antisemm. 

15-20 A vaeeine is a prepared substance that induces an immune 

response. 

15-21 A booster is a repeated inoculation given to inerease antibodies to 

a disease. 

15-22 An antisemm is an antibody prepared in an outside source, usually 

an animal. Antisera are used in emergeneies to provide quick pas- 
sive immunization against a disease organism, toxin, or venom. 

Answers to Oasepoint Questions 

15-1 Cervical lymph nodes are in the neek; thoraeie are in the ehest; 

axillary are in the armpit. 

15-2 Lymph from the left side travels to the thoraeie duct and then 

drains into the left subclavian vein near the left internal jugular 
vein. 

15-3 Enlargement of the germinal eenters of the lymph nodes indieates 

rmdtiplieation and aetivity of lymphoeytes. 

15-4 The doetor saw the palatine tonsils in the throat. 

15-5 The lymph nodes hlter lymph; the spleen hlters blood. 

15-6 Signs of inflammation were pain, redness, and swelling in his 

throat. 

15-7 Other signs of infeetion were swollen lymph nodes, malaise, fever, 

loss of appetite, and an enlarged spleen. 

15-8 Cytotoxic T eells (Tc) destroy vims-infeeted eells. 

15-9 Memory T and B eells eonfer immunity to subsequent infeetions 

with the same organism. 

15-10 Lucas will develop natural aetive immunity to mono because he 

was infeeted with and made antibodies against the agent that 
causes mono, EBV 


15-5 
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Answers to Zooming In Quest ons 

15-1 A vein reeeives lymph eolleeted from the body. 

15-3 Mammary, axillary, subscaptdar, and interpeetoral nodes are some 

nodes that reeeive lymph drainage from the breast. 

15-4 An afferent vessel earries lymph into a node; an efferent vessel ear- 

ries lymph out of a node. 

15-9 Chemicals released by damaged tissues dilate blood vessels and 

inerease blood flow, causing heat, redness, swelling, and pain. 

15-10 Digestive enzymes are eontained in the lysosome that joins the 

phagoeytie vesiele. 

15-11 Plasma eells and memory eells develop from aetivated B eells. 
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Answers to Oheekpoint Questíons 

16-1 The four phases of respiration are pulmonary ventilation, exter- 

nal gas exchange, gas transport in the blood, and internal gas 
exchange. 

16-2 As air passes over the nasal mucosa, it is hltered, warmed, and 

moistened. 

16-3 The three regions of the pharynx are the nasopharynx, orophar- 

ynx, and laryngopharynx. 

16-4 The seientihe name for the throat is the pharynx; the voiee box is 

the larynx; the windpipe is the traehea. 

16-5 The two mainstem (primary) bronehi are formed by the inferior 

branehing of the traehea. 

16-6 Cilia on the eells that line the respiratory passageways move fluid 

with entrapped impurities upward to be eliminated from the respi- 
ratory system. 

16-7 Gas exchange in the lungs occurs in the alveoli. 

16-8 The pleura is the membrane that eneloses the lung. 

16-9 Inhalation and exhalation are the two phases of quiet breathing. 

Inhalation is aetive, and exhalation is passive. 

16-10 Surfactant produced by lung eells aids in eomplianee. 

16-11 A gas’s partial pressure on either side of a membrane determines 

its direetion of diffusion. Partial pressure is expressed in millime- 
ter mercury (mm Hg). 

16-12 Hemoglobin in red blood eells holds almost all of the oxygen ear- 

ried in the blood. 

16-13 The main form in which earbon dioxide is earried in the blood is 

as biearbonate ion. 

16-14 The medulla of the brain stem has the eenters that set the basie 

pattern of respiration. 

16-15 The phrenie nerve is the motor nerve that eontrols the diaphragm. 

16-16 Carbon dioxide is the main ehemieal eontroller of respiration. 

16-17 The word ending -pnea means breathing. 

Answers to Oasepoint Questions 

16-1 Pulmonary ventilation is affeeted by Emily’s asthma. 

16-2 Swelling is the feature of inflammation that affeets Emily’s 

breathing. 

16-3 Aetivation of the adrenergie reeeptors causes relaxation of the 

smooth muscle eells, resulting in dilation of Emily’s airways. 

16-4 The diaphragm relaxes during exhalation. 

16-5 Emily ean use some intereostal muscles and the muscles of the 

abdominal wall to aid exhalation. 

16-6 If Emily fails to exhale enough earbon dioxide her breathing rate 

will inerease. 


Answers to Zooming In Questìons 

16-1 Blood travels to the lungs from the right side of the heart; blood 

returns to the left side of the heart. 

16-2 The heart is loeated in the medial depression of the left lung. 

16-4 The epiglottis is named for its position above the glottis. 

16-6 The intereostal muscles are loeated between the ribs. 

16-7 Gas pressure deereases as the volume of its eontainer inereases. 

16-8 Residual volume eannot be measured with a spirometer; total lung 

eapaeity and functional residual eapaeity eannot be measured with 
a spirometer. 
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Answers to Checkpoint Questions 

17-1 Food must be broken down by digestion into partieles small 

enough to pass through the plasma membrane of eells. 

17-2 The peritoneum is the large serous membrane that lines the 

abdominopelvie eavity and eovers the organs it eontains. 

17-3 The digestive traet typieally has a wall eomposed of a mucous 

membrane (mucosa), a submucosa, smooth muscle (muscularis 
externa), and a serous membrane (serosa). 

17-4 Peristalsis occurs in the esophagus. Segmentation occurs in the 

small intestine. 

17-5 Proteins are digested in the stomaeh. 

17-6 The duodenum, jejunum, and ileum are the three divisions of the 

small intestine. 

17-7 Most digestion takes plaee in the small intestine under the effeets 

of digestive juices from the small intestine and the aeeessory 
organs. Most absorption of digested food and water also occurs in 
the small intestine. 

17-8 The large intestine reabsorbs some water and stores, forms, and 

eliminates the stool. It also houses baeteria that provide some 
vitamins. 

17-9 The salivary glands are the parotid, anterior and inferior to the ear; 

submandibular (submaxillary), near the body of the lower jaw; 
and sublingual, under the tongue. 

17-10 The liver seeretes bile, which emulsihes fats, that is, breaks it 

down into small partieles. 

17-11 The gallbladder stores bile and eontraets to release it into the 

duodenum. 

17-12 The panereas seeretes sodium biearbonate, which neutralizes the 

aeidie ehyme from the stomaeh. 

17-13 An enzyme is a eatalyst that speeds the rate of a ehemieal reaetion 

but is not used up in the reaetion. 

17-14 Hydrolysis means “splitting by means of water” as in digestion. 

17-15 The panereas produces the most eomplete digestive seeretions. 

17-16 Absorption is the movement of digested nutrients into the circulation. 

17-17 The two types of eontrol over the digestive proeess are nervous 

eontrol and hormonal eontrol. 

17-18 Hunger is the desire for food that ean be satished by the ingestion 

of a hlling meal. Appetite is a desire for food that is unrelated to a 
need for food. 

Answers to Oasepoint Questions 

17-1 In an EGD study the endoseope will encounter the lips, teeth, 

tongue, oral eavity, pharynx, esophagus, stomaeh, and duodenum 
of the small intestine. 

17-2 The mucosa of the digestive traet wall eontaets the endoseope in 

an EGD exam. 
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17-3 The lower esophageal sphineter (LES) normally keeps stomaeh 

eontents from passing upward into the esophagus. 

17-4 The esophagus passes through the hiatus (spaee) in the diaphragm. 

17-5 The eolonoseope eontaets the anus, rectum, sigmoid eolon, 

deseending eolon, transverse eolon, and aseending eolon. 

17-6 The enzyme pepsin might be affeeted if stomaeh aeid (HC1) is 

reduced, because pepsin requires HC1 for aetivation. 

17-7 Trypsin or other protein-digesting enzymes produced by the pan- 

ereas could eompensate for the deereased aetivity of pepsin. 

17-8 Hydrogen is the element affeeted by a proton pump inhibitor. It 

forms the single proton ion that is a eomponent of all aeids. 

17-9 If Benjamin fasts, his ghrelin level will inerease. 

Answers to Zooming In Questions 

17-1 The salivary glands are the aeeessory organs that seerete into the 

mouth. 

17-2 The mesentery is the part of the peritoneum around the small 

intestine. 

17-3 Smooth nrnsele (circular and longitudinal) is between the submu- 

eosa and the serous membrane in the digestive traet wall. 

17-4 Peristalsis to move food rapidly is most useful in the esophagus. 

17-5 The eommon name for the gingiva is the gum. 

17-6 The oblique muscle layer is an additional muscle layer in the 

stomaeh that is not found in the rest of the digestive traet. 

17-7 The ileum of the small intestine joins the cecum of the large intes- 

tine at the ileoeeeal valve. 

17-8 The sublingual salivary glands are direetly below the tongue. 

17-9 The aeeessory organs shown seerete into the duodenum. 

17-11 Glucose and fmetose are the two monosaeeharide eomponents of 

sucrose. 
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Answers to Oheekpoint Questions 

18-1 The two type of aetivities that make up metabolism are eatabo- 

lism, the breakdown of compounds into simpler eomponents, 
and anabolism, the building of simple compounds into needed 
substances. 

18-2 Cellular respiration is the series of cellular reaetions that releases 

energy from nutrients. 

18-3 Pymvie aeid (pymvate) is the end product of glyeolysis. 

18-4 Oxygen is the element required for aerobie cellular respiration but 

not for glyeolysis. 

18-5 The glyeemie index is the term for how rapidly a food raises the 

blood glucose level. 

18-6 An essential amino aeid or fatty aeid eannot be made metabolieally 

and must be taken in as part of the diet. 

18-7 Saturated fats have no double-bonded earbons and have the maxi- 

mum number of hydrogen atoms possible. Unsaturated fats have 
one or more double-bonded earbons and less than the maximum 
mrniber of hydrogen atoms possible. 

18-8 Minerals are ehemieal elements, and vitamins are complex organie 

substances. 

18-9 The average person ean metabolize 1/2 oz of pure aleohol per 

hour. 

18-10 BMI stands for body mass index. 

18-11 The hypothalanms is responsible for regulating body temperature. 


18-12 Cutaneous blood vessels eonstriet under eold eonditions. Under 

hot eonditions, they dilate. 

Answers to Oasepoint Questions 

18-1 If Claudia is metabolizing body fat for energy, aeidie ketones will 

be produced. 

18-2 The amino (nitrogen-eontaining) portion of the amino aeids must 

be removed before proteins ean be metabolized for energy. 

18-3 Claudia’s basal needs are 1237 keal/day; [126 -r 2.2] x 0.9 x 24 

18-4 Aeeording to her friends, Claudia engages in heavy aetivity. At a 

minimum addition of 80% of her BMR, her daily need is 2227 
keal/day. 

18-5 Claudia will laek the fat soluble vitamins, such as A, D, and E, 

found in fatty foods. 

18-6 Claudia will lose insulation, padding, and energy reserves if her fat 

tissues are diminished. 

18-7 Claudia’s BMI is 18.5; 106 - 2.2 = 48 - 2.6 

18-8 Claudia is more sensitive to eold because she laeks insulating fat 

tissue. 

Answers to Zooming In Questíons 

18-1 Pyruvic aeid produces laetie aeid under anaerobie eonditions; 

it produces C0 7 and H 7 0 when metabolized eompletely using 
oxygen. 

18-5 The BMI is 24 (77 = 3.2 = 24). 

18-6 If the fan speed is inereased in (B), eonveetion, heat loss will 

inerease. If environmental fmmidity inereases in (C), evaporation, 
heat loss will deerease. 

18-7 Blood flow in the skin is higher under hot eonditions. 
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Answers to Oheekpoint Questions 

19-1 Intracellular fluids are loeated within eells. Extracellular fluids are 

loeated outside of eells. 

19-2 Interstitial fluid is fluid loeated between eells in tissues. 

19-3 Cations are positively eharged ions. Anions are negatively eharged 

ions. 

19-4 The urinary system eonsists of two kidneys, two ureters, the blad- 

der, and the urethra. 

19-5 Systems other than the urinary system that eliminate waste 

include the digestive, respiratory, and integumentary systems. 

19-6 The retroperitoneal spaee is posterior to the peritoneum. 

19-7 The renal artery supplies blood to the kidney, and the renal vein 

drains blood from the kidney. 

19-8 The renal pelvis is the funnel-shaped eolleeting area that forms the 

upper end of the ureter. 

19-9 The nephron is the hmetional unit of the kidney. 

19-10 The glomerulus is the eoil of eapillaries in the glomerular capsule. 

19-11 Filtration is the proeess that drives materials out of the glomerulus 

and into the glomerular capsule. 

19-12 Tubular reabsorption is the proeess that returns materials from the 

nephron baek to the circulation. 

19-13 Hydrogen ions (H + ) are moved by tubular seeretion to balanee pH. 

19-14 Antidiuretic hormone (ADH) eontrols water reabsorption from 

the eolleeting duct of the nephron. 
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19-15 The juxtaglomerular apparatas produces renin when blood pres- 

sure drops. The signal for renin production is low sodium in the 
hltrate leaving the nephron. 

19-16 The ureter earries urine from the kidney to the bladder. 

19-17 The openings of the ureters and the urethra form the bladder’s 

trigone. 

19-18 The urethra earries urine from the bladder to the outside. 

19-19 Water is lost from the body through the kidneys, the skin, the 

hrngs, and the intestinal traet. 

19-20 Aldosterone is the hormone from the adrenal cortex that promotes 

sodium reabsorption in the kidneys. 

19-21 Antidiuretic hormone (ADH) is the pitaitary hormone that 

inereases water reabsorption in the kidney. 

19-22 The aeid-base balanee of body flmds is maintained by buffer sys- 

tems, respiration, and kidney function. 

Answers to Oasepoint Questions 

19-1 The plasma and interstitial fluid eontain the most sodhrni ions. 

19-2 The osmotie pressure of Ethan’s body fluids will deerease as 

sodium eoneentration deelines. 

19-3 The urinary system would eompensate most effeetively for Ethan’s 

excess water consumption. 

19-4 Dilution of body fluids would normally inhibit seeretion of ADH 

so excess fluid could be eliminated. 

19-5 As the kidneys excreted more water, urine would be diluted and 

its speeihe gravity would deerease. 

19-6 Dilution of body fluids will cause the hypothalamus to reduce 

thirst and limit water intake. Ethan did not listen to his body sig- 
nals, as he continued to drink when he was not thirsty. 

Answers to Zooming In Questions 

19-1 Water is lost in feees, through the lungs, through the skin, and in 

urine. 

19-2 Sodium and ehloride are highest in extracellular fluids; potassium 

and phosphate are highest in intracellular fhtids. 

19-3 The ureters earry urine to the bladder, and the urethra earries 

urine from the bladder. 

19-4 The outer region of the kidney is the renal cortex. The inner 

region of the kidney is the renal medulla. 

19-5 The glomerulus is the hrst eapillary bed to reeeive blood. 

19-8 The osmotie gradient is stronger by the renal pelvis than by the 

distal tubule. 

19-9 The peritubular eapillaries absorb materials that leave the 

nephron. 

19-11 The urethra passes through the prostate gland in the male. 

19-12 Most water is lost in a day in urine. 

19-13 High blood potassium inereases aldosterone seeretion and pro- 

motes loss of potassium. 

19-14 The kidneys generate biearbonate ions (buffers). 

^fl 
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Answers to Checkpoint Questions 

20-1 Meiosis is the proeess of eell division that halves the ehromosome 

number in a eell to produce a gamete. 

20-2 The spermatozoon, or sperm eell, is the male gamete (sex eell). 

20-3 The testis is the male gonad. 


20-4 The epididymis is the structure on the surface of the testis that 

stores sperm. 

20-5 Glands that contribute seeretions to the semen, aside from the 

testes, are the seminal vesieles, prostate, and bulbourethral 
glands. 

20-6 The main subdivisions of a spermatozoon are the head, midpieee, 

and tail (flagellum). 

20-7 Follicle-stimulating hormone (FSH) and luteinizing hormone 

(LH) are the pitaitary hormones that regulate male and female 
reproduction. 

20-8 Speeialized interstitial eells (Leydig eells) in the testis seerete the 

main male sex hormone (testosterone). 

20-9 The ovum is the female gamete. 

20-10 The ovary is the female gonad. 

20-11 A fetas develops in the uterus. 

20-12 An ovum matares in an ovarian folliele. 

20-13 Estrogen and progesterone are the two hormones produced in the 

ovaries. 

20-14 Ovulation releases an ovum from the ovary. 

20-15 The folliele beeomes a corpus luteum after its ovum is released. 

20-16 Menopause is the term for eomplete eessation of menstrual 

eyeles. 

20-17 Contraception is the use of artiheial methods to prevent fertiliza- 

tion of an ovum. 

Answers to Oasepoint Questions 

20-1 Brett’s physieian concluded that he was fertile because his sperm 

count was within normal limits, and the eells were normal in 
shape and were aetive. 

20-2 Jessiea’s endometrial tissue would reaeh maximum thiekness dur- 

ing the postovulatory phase of the ovarian eyele and seeretory 
phase of the uterine eyele. 

20-3 Taking oral eontraeeptives would deerease FSH levels in a nega- 

tive feedbaek response. 

20-4 Menstruation begins 14 days after ovulation, so Jessiea ean expect 

her period on day 29 of her menstrual eyele. 

Answers to Zooming In Questions 

20-1 The four glands that empty seeretions into the urethra are the 

testes, seminal vesieles, prostate, and bulbourethral glands. The 
ductus (vas) deferens reeeives seeretions from the epididymis. 

20-2 The corpus spongiosum of the penis eontains the urethra. 

20-3 The interstitial eells are loeated between the seminiferous 

tubules. 

20-4 Mitoehondria are the organelles that provide energy for sperm eell 

motility. 

20-5 LH stimulates testosterone seeretion. 

20-6 The fundus of the uterus is the deepest part. The cervix is the most 

inferior portion. 

20-9 Estrogen peaks elosest to ovulation. Progesterone peaks after 

ovulation. 
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Answers to Oheekpoint Questions 

21-1 A zygote is formed by the union of an ovum and a spermatozoon. 

21-2 The plaeenta nourishes the developing fetas. 
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21-3 The umbilical eord earries blood between the fetus and the plaeenta. 

21-4 Fetal circulation is adapted to bypass the lungs. 

21-5 The embryonie hormone hCG (human ehorionie gonadotropin) 

maintains the corpus luteum early in pregnaney. 

21-6 The heartbeat hrst appears during the fourth week of gestation. 

21-7 The amniotie sae is the fhhd-hlled sae that holds the fetus. 

21-8 The approximate length of pregnaney in days from the time of 

fertilization is 266. 

21-9 Oxytocin is the pituitary hormone that stimulates uterine 

eontraetions. 

21-10 Parturition is the proeess of labor and ehildbirth. 

21-11 The afterbirth is expelled during the third stage of labor. 

21-12 A eesarean seetion is used to remove a fetus manually from the 

uterus. 

21-13 The term viable deseribes a fetus able to live outside the uterus. 

21-14 The lactiferous ducts earry milk out of the breast. 

21-15 The breast seeretes eolostmm before milk production begins. 

21-16 A gene is an independent unit of heredity. Eaeh gene is a segment 

of DNA eontained in a ehromosome. 

21-17 A dominant gene is always expressed, regardless of the gene on the 

matehing ehromosome. 

21-18 A genotype is the genetie makeup of an individual; a phenotype is 

all the traits that ean be observed or tested for. 

21-19 Meiosis is the proeess of eell division that forms the gametes. 

21-20 There are 23 ehromosomes in eaeh human gamete. 

21-21 The sex ehromosome eombination that determines a female is XX; 

a male is XY. 

21-22 A trait earried on a sex ehromosome is deseribed as sex-linked. 

21-23 A nmtagen is any agent that causes a mutation, a ehange in a gene 

or a ehromosome. 

21-24 A ehild gets mitoehondrial genes from the mother. 


Answers to Oasepoint Questions 

21-1 Cole’s red eells piek up oxygen from his mother’s circulation by 

diffusion from the venous sinuses of the plaeenta into the eapillar- 
ies of the ehorionie villi. 

21-2 Cole has two alleles for the siekle eell trait. 

21-3 His genotype is homozygous reeessive for siekle eell anemia. 

21-4 Cole’s parents are heterozygous for the disease. They have 

one normal and one siekle eell allele, and are earriers of the 
disease. 

21-5 The siekle eell allele separated from the normal allele in the hrst 

meiotie division, meiosis I. 

21-6 It is expected that 50% of the ehildren in Cole’s family would be 

earriers of the siekle eell allele; 25% (homozygous dominant geno- 
type) would neither have the disease nor be able to pass the gene 
to offspring. 

Answers to Zooming In Questions 

21-1 The ovum is fertilized in the uterine tube. 

21-2 The purple eolor signihes a mixture of blood that is low in oxygen 

with blood that is high in oxygen. 

21-5 The umbilical eord eonneets the fetus to the plaeenta. 

21-7 Depletion of materials, removal of the stimulus, or an outside 

foree ean stop positive feedbaek. 

21-9 Identieal twins share a single plaeenta. 

21-10 The peetoralis major muscle underlies the breast. 

21-12 Four eells are produced in one eomplete meiosis. 

21-13 25% of ehildren will show the reeessive phenotype nontaster. 50% 

of ehildren will be heterozygous. 

21-14 The expected ratio of male to female offspring in a family is 

50/50. 

21-15 The genotype of a female earrier is X R X r . 
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Figure A3-1 


Brain (lateral view) showing the lobes and surface features of the left eerebral hemisphere, the cerebellum, and parts 


of the brain stem. (Modified with permission from Olinger AB.Human Gross Anatomy. Baltimore,MD: Wolters Kluwer,2016.) 
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Figure A3-2 
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Interior of the brain (sagittal seetion). (Modified with permission from Olinger AB .Human GrossAnatomy. Baltimore, MD: 


VVolters Kluwer,2016.) 
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A. Pituitary gland and hypothalamus (sagittal section).B. Layers of the spinal meninges (posterior view). (Modified with 


permission from Olinger /kB.Human Gross /4nafomy. Baltimore, MD: Wolters Kluwer,2016.) 
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A. External features of the heart (anterior view).B. External features of the heart (posterior view).(Modified with permission 


from Olinger AB. Human Gross Anafomy. Baltimore,MD: Wolters Kluwer,2016.) 
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Internal features of the heart, right ventride (anterior view). (Modified with permission from Olinger AB. 


Human Gross Anafomy. Baltimore, MD:Wolters Kluwer,2016.) 
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Branehes of the eerebral arterial eirde (inferior view). (Modified with permission from Olinger AB. 


Human GrossAnatomy. Baltimore,MD: Wolters Kluwer,2016.) 
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Figure A3-7 




The eeliae trunk and its branehes to the abdominal organs. (Modified with permission from Olinger AB. Human Gross 


Anatomy. Baltimore, MD: Wolters Kluwer, 2016.) 
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Figure A3-8 


A.Thoraeie eavity showing the pulmonary cavities,containing the lungs,and the mediastinum,containing the heart and 


other organs of the thorax. B. Respiratory passageways of the neek and upper thorax with nearby structures (anterior view). (Modified with 
permission from Olinger AB .Human Gross Anafomy. Baltimore,MD: Wolters Kluwer,2016.) 
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Figiire A3-9 


A. Internal parts of the stomaeh. B. Anatomie features of the stomaeh (sagittal seetion). C. The panereas and portions of the 


small intestine. (Modified with permission from Olinger /\B.Human Gross Anafomy. Baltimore, MD: Wolters Kluwer,2016.) 
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Figure A3-10 


A. The panereas and biliary system showing the passageways leading to the duodenum. B. Disseetion showing the biliary 


system and panereas. (Modified with permission from Olinger AB .Human Gross Anafomy. Baltimore, MD: Wolters Kluwer,2016.) 
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Figure A3-11 


A. Components ofthe urinary system showing nearby vessels (anterior view).B, Internal structure ofthe kidney (eoronal 


section).(Modified with permission from Olinger AB .Human Gross /Anafomy. Baltimore, MD: VVolters Kluwer,2016.) 
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Figure A3-12 


A. Male urogenital system (sagittal section).B. Female urogenital system (sagittal section).(Modified with permission from 


Olinger AB.Human Gross /Anafomy. Baltimore, MD: Wolters Kluwer,2016.) 
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Figure A3-13 


A.Testis showing the epididymis and spermatie eord.B. Male external genitalia.e. Male reproductive system (sagittal 


section).(Modified with permission from Olinger AB .Human GrossAnatomy. Baltimore, MD: Wolters Kluwer,2016.) 
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Female external genitalia. (Modified with permission from Olinger AB. Human Gross Anatomy. Baltimore, MD: Wolters 
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ovaries and ova, 419-420 
reproductive eyele 

menstmation, 421 
ovulation and postovulatory 

phase, 420-421 
preovulatory phase, 420-421 
Femoral artery, 284 
Femur, 95, 110 
Fertilization, 432, 4345 

and implantation, 433 
Fetal circulation, 432-433, 435, 435 
Fetal death, 441 
Fetal ossifieation, 99 
Fetus, 432 

development, 435, 436, 437 
Fever, 312 
Fibers, 68, 69 
Fibrin, 246 
Fibrinogen, 246 
Fibroblasts, 68 
Fibroeartilage, 68 
Fibrous joints, 113 
Fibrous pericardium, 73 
Fibula, 111 
Fibular artery, 284 
Fibularis longus, 142 
Fight-or-flight response, 167 
Filtration, 49 
Fimbriae, 418 
Fissure, brain, 183 
Flagellum, 45, 45 
Flexion, 114 
Flexors, 139 
Floating ribs, 106, 106 
Flrnd balanee, 240 
Fluoroscope, 269 
Folliele, 84, 85 

Follicle-stimulating hormone (FSH), 226, 415 

Fontanels, 104 

Foot 

bones of, 111, 111 
rmiseles of, 142, 143 
Foramen, 100 
Foramen magnum, 103 
Foramen ovale, 432 


Forearm, 108 

movements of, 108, 108 

rmiseles of, 138-139, 139 
Foreskin, 413 

Formed elements, of blood, 240-246, 241í 

Fornix, 419 

Fovea eentralis, 204 

Fracture, 100 

Fraternal twins, 440, 440 

Free nerve endings, 212 

Free radieals, 57, 374 

Frontal bones, 103 

Frontal lobe, 183 

Frontal plane, 9 

Functional murmurs, 268 

Functional residual eapaeity, 33 5t 

Fundus, 350, 417 

of eye, 204 

G 

Gallbladder, 355, 355 

GAFT. See Gut-associated lymphoid tissue 

(GAFT) 

Gametes, 412 

Gamma globulin fraetion, 314, 250 
Ganglion, 164 

Gas exchange, respiration, 334-336, 335 
Gastrie-inhibitory peptide (GIP), 359 
Gastrie vein, 288 
Gastrin, 358 

Gastrocnemius, 142, 143 
Gastroesophageal reflux disease (GERD), 345 
Gene expression, 446, 447R, 448 
General sense, 198, 212-214 

pain, 213-214 
position, 212-213 
pressure, 212 
temperature, 212 
touch, 212 

Genes, 52, 442-443, 443 

in protein synthesis, 52-53 
Genetie mutation, 448, 448 
Genome, 55 
Genotype, 443 
Germinal eenter, 305 
Gestation, 432 
Ghrelin, 359 
Gingiva, 349 

Glands, 65-66, 66. See also Endoerine glands 

sebaceous, 66, 84, 85 
sudoriferous, 84-85, 85 
Glans penis, 413 
Glenoid eavity, 107 
Gliding joint, 115, 116í 
Glomemlar capsule, 392 
Glomemlar filtration, 392, 394 
Glomerulus, 392 

Glossopharyngeal nerve, 190, 190í 

Glottis, 329 

Glucagon, 228, 231 

Glucocorticoids, 227-228 

Glucose, 7, 30 

Gluteus maximus, 141 

Gluteus medius, 141 

Glyeemie effeet, 372 

Glyeogen, 30, 371 

Goblet eells, 66 

Golgi apparatus, 41, 44í, 46 

Gonadal arteries, 284 

Gonadal vein, 287 

Gonadotropins, 226 

Gonads, 412 

Graeilis, 141 


Granulocytes, 243 

Gray commissure, 163-164 

Greater omentum, 346 

Greater troehanter, 110 

Greater vestibular glands, 419 

Growth hormone (GH), 223, 224, 226 

Gut-associated lymphoid tissue (GAFT), 307 

tonsils, 307-308 
Gyri, 182 

H 

Hair, 85, 85 

Hair eells, 206 

Hair folliele, 85 

Hamstring muscles, 141, 143 

Hand, rmiseles of, 138-139, 139 

Head 

arteries of, 283, 284, 285 
skeletal muscles of, 134 
Health eare, language of, 13-14, 14 
Hearing, 206-207, 210, 211 
Heart, 259-275 

aging of, 270 

blood return to, 291, 291-292 
eardiae output, 265-266 

circulation and, 260 
conduction system, 266-267, 267 
divisions of, 261-263 

ehambers, 261-262, 262 

valves, 262-263, 262-263 
fimetioning of, 265-268 
health, maintenanee of, 269-270 
rate, eontrol of, 267, 267-268 
sounds, 268 

structure of, 260, 260-263 

myocardium, 260, 260, 261, 
261 

pericardium, 260, 261 

studies, 268-269 

tissue layers of, 260, 261, 261 
Heart rate, 266, 292 

eontrol of, 267, 267-268 
variations in, 268 

Heart rhythm, abnormalities of, 267 
Heat 

production of, 379, 379 
loss of, 379 

Helper T eells (T h ), 313 
Hemapheresis, 349 
Hematoerit (Het), 251, 251 
Hematopoietie stem eells, 242 
Hemoeytometer, 251 
Hemoglobin, 88, 88, 242, 2435 
Hemolysis, 48, 247 
Hemorrhage, 248 
Hemostasis, 246, 247 
Hepatie artery, 282 

Hepatie portal system, 288, 288-289, 2895 
Hepatie portal vein, 288, 288-289, 2895 
Hepatie vein, 287 
Hepatopanereatie ampulla, 355 
Hepatopanereatie sphineter, 355 
Hereditary traits, 442, 446-448 
Heredity 

distribution of ehromosomes to 
offspring, 444 

dominant and reeessive alleles, 

443-444 

genes and and ehromosomes, 

442-443, 443 

Punnett square, 444-445, 445 
sex determination, 445, 445 
sex-linked traits, 446, 446 













510 lndex 


Heterozygous, 443 

High-intensity intermittent exercise (HIIE), 

378 

Hilnm, 305, 329, 392 
Hinge joint, 115, 11 6t 
Hippocampus, 187 
Histamine, 311 1 
Holes, of bone, 100-101, 101 
Homeostasis, 5-7, 391 

body flmds, 5 

negative feedbaek, 5-7, 6-7, 7B 
Homozygous, 443 
Horizontal plane, 9 
Hormone production, 391 
Hormone replaeement therapy (HRT), 87, 
232, 422 

Hormones, 66, 222-223, 240 

adrenal gland, 227-228, 228, 2295 
panereas, 228-229, 230-231 
parathyroid, 226-227, 227 
pineal gland, 222, 229, 2295 
pituitary, 223-224, 224 t, 225, 226 
and pregnaney, 433-434 
regulation of, 223 
sex glands, 229 
stress and, 232-233 
thyroid, 226, 226, 227 
treatment with, 232 

HRT. See Hormone replaeement therapy (HRT) 
Human body, studies of, 4-5 
Human ehorionie gonadotropin (hCG), 433 
Human ehorionie somatomammotropin. See 
Human plaeental laetogen (hPL) 

Human Genome Projeet, 4435 
Human plaeental laetogen (hPL), 434 
Human spermatozoon, 415 
Humerus, 107, 107 
Humoral immunity, 314 
Huntington disease, 190, 190 t 
Hyaline eartilage, 68 
Hydroehlorie aeid (HC1), 351 
Hydrogen bonds, 265 
Hydrolysis, 356, 356 
Hymen, 419 
Hyoid bone, 103 
Hyperextension, 115 
Hyperpnea, 339 
Hyperpolarization, 159 
Hypertonie solution, 48 
Hypertrophy, 130 
Hyperventilation, 339 
Hypoeapnia, 339 
Hypoehondriae region, 13 
Hypogastrie region, 13 
Hypopnea, 339 
Hypothalarmis, 185 
Hypotonie solution, 48 
Hypoventilation, 339 
Hypoxemia, 339 
Hypoxia, 339 

l 

ICL. See intraeelhilar fluid (ICL) 
identieal twins, 440, 440-441 
IgG (immunoglobulin G), 314 
IgM (immunoglobulin M), 314 
ileoeeeal valve, 353 
iliae, 13 

iliae arteries, 283, 284 
iliae regions, 13 
Iliopsoas, 141 
Ilium, 109 

Imaging, medieal, 105 


Immune serum, 317 
Immunity 

adaptive 

antigens, 313 
antiseram, 317-318 
B eells and antibodies, 314, 
315, 316 
T eells, 313 
types of, 315-316 
vaeeines, 317 

innate 

eell aetivities, 309-312 
ehemieal and meehanieal 

barriers, 309, 310 

Immunization, 317, 318í 
Immunoglobulins, 314 
Implantation, 432 

fertilization and, 433 
ineisors, 349 
Incus, 205 

Induced abortion, 441 
Infant skull, 104, 104 

infeetion, skin proteetion against, 86 
Inferior mesenterie 

artery, 282 
ganglion, 170 
vein, 288 

Inferior nasal eonehae, 103 
Inferior sagittal sinus, 288 
Inferior vena eava, 287 
Inflammation, 312, 312 
Inflammatory exudate, 312 
Infraspinous fossa, 107 
Infundibulum, 223 
Inguinal eanal, 414 
Inguinal nodes, 307 
Inguinal regions, 13 
Inhalation, 332-333, 336 
Injury, of brain, 1895 
Innate immunity 

eell aetivities, 309-312 
ehemieal and meehanieal barriers, 

30 9,310 
Inner eell mass, 432 
Inner ear, 206, 207 
Insertion, of muscle, 132, 132 
Inspiratory reserve volume, 33 5t 

Insulin, 224í, 228, 231, 232 

intaet fetus, pregnant uterus with, 437 

Integument, 4. See also Skin 

repair of, 88-89 

Integumentary system, 82-90, 390. See also 
Skin 

functions, 86-87 
Interatrial septum, 262 
interealated disks, 124, 261 
intereostal arteries, 282 
intereostal muscles, 139 
intereostal spaees, 106 
Interferons, 310-311, 311í 
Interleukins, 310, 311 1 
Internal earotid artery, 284, 285 
Internal iliae artery, 284 
Internal iliae vein, 287 
Internal jugular, 287 
Internal oblique, 140 
Internal urethral sphineter, 399 
Interneurons, 156 
Internodal pathways, 267 
Interphase, 56 
Interstitial fluid, 290, 388 

Interventricular foramina, 180 
Interventricular septum, 262 
Intervertebral foramina, 104 


Intracellular fluid (ICL), 5, 388 
Intrauterine deviee, 423 1 
intrinsie muscles, 134 
Inversion, 115 
Involuntary muscle, 70 
ionie bonds, 24, 24-25 
Iontophoresis, 875 
Iris, 200, 201, 203 

Irregular dense eonneetive tissue, 68 

isehial spine, 109 

isehial tuberosity, 109 

Ischium, 109 

Islets of Langerhans, 228 

isometrie eontraetions, 131 

isotonie eontraetions, 131 

isotonie solution, 49, 50í 

Isotopes, 29-30 

iteh reeeptors, 214 

J 

Joint capsule, 113 
Joint eavity, 113 
Joints, 112-116, 113í 

synovial, 113-116, 114-115, 116t 
Jugular vein, 287 
Juxtaglomerular apparatus, 397 

K 

Keratin, 83 
Ketone bodies, 371 
Kidney function, 402 
Kidneys 

aetivities, 391 

formation of urine 

eoneentration of urine, 395-396 
glomeralar filtration, 392, 394 
tubular reabsorption, 

394-395 

tubular seeretion, 395 
hormonal regulation of, 3 95t 
juxtaglomerular apparatus, 397 
nephron and blood supply, 392, 393 
structure, 391-392 
transport maximum, 3955 
Kiloealorie, 370 
Kinesthesia, 212 
Kupffer eells, 310 

L 

Labia, 419 
Labia majora, 419 
Labia minora, 419 
Labor, stages of, 439, 439-440 
Laerimal apparatus, 199 
Laerimal bones, 103 
Laerimal glands, 199 
Laetation, 434, 441-442 
Laeteals, 303 

Laetie dehydrogenase (LDH), 253 
Lactiferous ducts, 441 
Lambdoid suture, 103 
Landmarking, 111, 1125 
Large intestine, 353-354 
Laryngopharynx, 328 
Laryngopharynx, 350 
Larynx, 328, 328-329 
Last menstraal period (LMP), 437 
Lateral direetion, 8 
Lateral malleolus, 111 
Lateral sinuses, 288 
Lateral sulcus, 182 
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Latissimus dorsi, 134 

Leak ehannels, 159 

Learning proeess, 185 

Left atrioventricular valve, 263 

Left atrium, 262, 262 

Left eommon earotid artery, 281 

Left eoronary arteries, 281 

Left gastrie artery, 282 

Left subclavian artery, 284 

Left ventriele, 262, 262 

Leg, rmiseles of, 141, 143 

Lens, 200 

Leptin, 231, 359 

Lesser troehanter, 111 
Leukocytes, 241 

functions of, 245 
types of, 243-244 
Levator ani, 141 

Levator palpebrae superioris, 134 

Levers, body meehanies and, 133 

Leydig eells, 415 

LH surge, 421 

Ligaments, 68, 69 

Ligand, 50 

Light pathway, through eye, 200-201, 

201 , 202 
Limb buds, 434 
Limbie system, 186, 187, 187 
Linea alba, 140 
Linea aspera, 111 
Lingual tonsils, 308 
Lining of air passageways, 329 
Linolenie aeid, 372 
Lipids, 30-32 ,31 
Live birth, 441 
Liver, 354-355, 355 
Live vaeeines, 317 
Long bone, 96 
Long-term memory, 185 
Loop of Henle, 392 

Lower division, of appendicular skeleton, 

109-111, 109-111, lllt-lllt 
Lower esophageal sphineter (LES), 350 
Lower extremity 

bones of, 110-111, 110-111 
muscles of, 141-142, 142 1, 

143-144 

Lumbar arteries, 284 
Lumbar regions, 13 
Lumbar vein, 287 
Lumbar vertebrae, 104 
Lumbosacral plexus, 165 
Lungs, 329-331, 330 

alveoli, 331 
bronehioles, 331 
eavities and pleura, 331 
divisions of, 331 
lobes and segments of, 330 
Lunula, 86 

Luteinizing hormone (LH), 226, 415 
Lymph, 303, 388 
Lymphatie system, 5 

circulation 

lymphatie eapillaries, 303, 303 
lymphatie vessels, 304, 
304-305 

lymph, movement of, 305 
functions 

fat absorption, 303 

fluid balanee by, 302, 302-303 

proteetion by, 303 

tissues 

lymph nodes, 304, 305-307, 
306 


mucosa-associated lymphoid 

tissue, 307, 307 
spleen, 307, 307 
thyrmis, 307, 307 
tonsils, 307-308, 308 
Lymph nodes, 304, 305-307, 306 
Lymphoeytes, 296, 2 96t 
Lysosomes, 44 

M 

Maerophage, 310 
Maerophages, 245 
Macula, 209 
Macula lutea, 205 
Magnesium, 389 

Magnetie resonanee imaging (MRI), 10 B 
Male reproductive system 

aeeessory organs, 412, 413 
aging, effeets of, 416-417 
hormonal eontrol, 415-416 
semen, 413 
testes, 414-415 
urethra and penis, 413 
Malleus, 205 

MALT. See Mucosa-associated lymphoid 
tissue (MALT) 

Mammary glands, 85, 441-442, 442 

Mandible, 102, 103 

Manubrium, 106, 106 

Marrow. See Bone marrow 

Masseter, 134 

Mass movements, 354 

Mastieation, 349 

Mastoid proeess, 103 

Mastoid sinus, 103 

Matrix, 67 

Maxillae, 103 

Maxillary sinus, 103 

Meatus, 101 

Medial direetion, 8 

Medial malleolus, 111 

Median cubital vein, 284 

Mediastinum, 10, 12, 260 

Medulla, 227 

Medulla oblongata, 178, 17 9t, 186 
Medullary eavity, 97 
Medullary simises, 305 
Megakaryoeytes, 245 
Meiosis, 55, 412, 444, 444 
Melanin, 84, 200 
Melanoeytes, 84 

Melanocyte-stimulating hormone (MSH), 

22 5B 

Melatonin, 229 

Membrane attaek complexes (MACs), 312 

Membrane potential, 127 

Membranes, 127 

Membranous labyrinth, 206 

Memory, 183, 185 

Memory T eells, 313 

Meninges, 73, 180, 180 

Menopausal hormone therapy (MHT), 232 

Menopause, 421-422 

Menses, 421 

Menstmal eyele, 420 

Menstmal flow, 421 

Menstmation, 420, 421 

Mesenterie arehes, 284 

Mesenterie nodes, 307 

Mesentery, 346 

Mesothelium, 72 

Metabolie rate, 370 

Metabolie water, 400 


Metabolism, 5-7 

anabolism, 370-371 
anaerobie, 130, 131B 
eatabolism, 368-370 
and homeostasis, 5-7, 6-7 
metabolie rate, 370 
Metaearpal bones, 108 
Metaphase, 56 
Metatarsal bones, 111, 111 
MHC (major histoeompatibility complex), 313 
Mieroglia, 158 
Mierometer, 40 
Mieroseopes, 40 
Mierovilli, 41 
Micturition, 399 
Midbrain, 178, 179f, 185 
Middle ear, 205-206, 206 
Midsagittal plane, 9 
Mifepristone, 422 
Mineraloeortieoids, 228 
Minerals 

absorption of, 358 
guidelines for, 374-375, 3 75t 
supplements, 374-375 
Misearriage. See Spontaneous abortion 
Mitoehondria, 44 
Mitoehondrial inheritanee, 448 
Mitosis, 55-56 
Mitral valve, 263 
Mixed nerves, 190 
Mixtures, 27, 27 1 
Molecules, 25-26, 25-26, 2 6B 
Monoeytes, 244, 244f 
Mononucleosis, 301, 319 
Monosaeeharides, 30, 356, 357 
Monounsaturated fat, 372 
Monozygotie twins, 440, 440-441 
Mother, during pregnaney, 437-438 
Motor end plate, 126, 127 
Motor neurons, 155, 156, 167 
Motor speeeh area, 183 
Motor unit, 127 
Mouth, 349, 350 
Mucosa, 72 

Mucosa-associated lymphoid tissue 

(MALT), 307, 307 
appendix, 307 
Peyer patehes, 307 
tonsils, 307 

Mucous membranes, 72 
Mucus, 65 

Multifactorial inheritanee, 446 
Multiple births, 440, 440-441 
Murmur, 268 
Muscarinic reeeptors, 170 
Muscle 

eontraetions of, 127-128, 127-128 
disorders of, 144 
groups of, 134 

head, 134, 138, 138 1 
lower extremities, 141-143, 
142f, 143 

neek, 134, 138, 138f 
tmnk, 139-141, 140-141, 140í 
upper extremities, 134, 

135-136, 137-139, 138f, 
139 

and joints, 339 
movements, 144B 
structure of, 125, 125 
types of, 131-132 
Muscle fatigue, 130 
Muscle tissue, 69-70, 70 
Muscle tone, 125 
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Muscular dystrophy, 145 
Muscularis externa, 348 
Muscular system, 4 

aging effeets on, 144 
energy sources of, 129-130 
exercise effeets on, 130-131 
muscle eontraetions, 131-132 
muscle structure, 125, 12S 
rmisele types, 124, 124 1 
Mutagen, 448 
Mutations, 57 
Myelin, 159-160 
Myelin sheath, ÌSS, 156 
Myocardium, 260, 260, 261, 261. See also 
Cardiac muscle 

blood supply to, 264, 264 
Myoglobin, 129 
Myosin, 127, 127, 128 

N 

Nail(s), 86, 86 

Nail bed, 86 

Nail plate, 86 

Nail root, 86 

Nasal bones, 103 

Nasal eavities, 327, 327-328 

Nasal septum, 103, 327 

Nasolaerimal duct, 199 

Nasopharynx, 328 

Natural aetive immunity, 316 

Natrnal killer (NK) eell, 310 

Natural passive immunity, 316 

Neek, skeletal muscles of, 134, 137, 137 1 

Negative feedbaek, 5-7, 6-7, 7B 

Nephron, 392 

Nerve impulse, 159-160, 160-161 
Nerves, 70-71, 71, 157, 1S8 
Nervous system, 70-71, 71, 152-175 

aging of, 191 

autonomic nervous system 

cellular reeeptors role 

in, 170 

divisions of, 167, 169í 
functions of, 167, 169, 1 69t 
structure of, 168, 169-170 

brain 

brain stem, 178, 178, 17 9t, 
18S, 185-186 
cerebellum, 178, 178 
eerebmm, 178, 178 
eranial nerves, 188-191, 189, 
190 1 

dieneephalon, 178, 178, 1 79t, 
185, 18S 

divisions of, 178, 178, 17 9t 
injury of, 1895 
proteetive structures of, 180, 
180, 181, 182 
stroke, 1825 
studies of, 187-188, 188 
eranial nerves, 188, 190-191, 190 1 
functional divisions of, 1S4, 

154- 155, 154í 
neuroglia, 1S8, 158-159 
neurons and neuron functions, 

155- 1S6, 155-157, 1575 
reflexes, 166-167 

reflex aetivities, 167 
reflex are, 166, 166-167 
spinal eord, 163-164 

aseending and deseending 

traets, 164 

structure of, 163, 163-164 


spinal nerves, 163, 164-165 

branehes of, 164-165 
dermatomes, 165, 16S 
structural divisions of, 154, 1S4 
work of 

nerve impulse, 159-160, 

160-161 

synapse, 160-162, 162 
Nervous tissue, 71 
Neurilemma, 156 
Nemoglia, 71, 1S8, 158-159 
Neuromuscular junction (NMJ), 126, 127 
Nemons, 71, 71, 155 

nerves and traets, 157, 1S8 
structure of, ÌSS, 155-156, 1S6 
types of, 156 
Nemotransmitters, 161 
Neutrophils, 243 
Nieotinie reeeptors, 170 
Night blindness, 205 
Nitrogen, 22, 25, 32 
Nitrogenous waste products, 400 
NMJ. See Neuromuscular junction (NMJ) 
Nodes, 156 

Nonessential amino aeids, 373 
Nonpolar eovalent bond, 25, 25 
Norepinephrine, 161 
Nostrils, 327 

Nuclear medieine imaging (NMI), 305 

Nucleases, 357 

Nuclei of brain, 186 

Nucleic aeids, 357 

Nucleolus, 43 

Nucleotides, 33-34, 34 

Nucleus, 42-43, 43 1 

Nutrients, 240 

and aging, 378 
aleohol, 378 
earbohydrates 

guidelines for, 370-371 
metabolism, 370-371 

fats 

essential fatty aeids, 372 
metabolism, 371 
saturated and unsaturated, 

372-373 

minerals and vitamins, 374-375 
proteins 

guidelines for, 373 
metabolism, 371 

USDA dietary guidelines, 375-377 
weight eontrol, 377-378 
Nutritional guidelines 

and aging, 378 
aleohol, 378 
earbohydrates, 370-371 
fats, 372-373 

minerals and vitamins, 374-375 
proteins, 373 

USDA dietary guidelines, 375-377 
weight eontrol, 377-378 

o 

Obesity, 377-378 
Obstetrie perineum, 419 
Obstetries, 432 

ultrasonography in, 438 
Obtmator foramen, 109 
Oeeipital bone, 103, 104 
Oeeipital lobe, 184 
Oculomotor nerve, 190, 190í 
Oleeranon, 108, 108 
Oleeranon bmsitis, 108 


Oleeranon fossa, 108 
Olfaetion, 211 
Olfaetory bulb, 211 
Olfaetory eells, 213 
Olfaetory nerve, 190, 190 1 
Oligodendroeytes, 158 
Omega aeids, 372 

Ophthalmie braneh, of trigeminal nerve, 

200 

Ophthalmologist, 205 
Ophthalmoseope, 205 
Optie disk, 202 
Optie nerve, 190, 190í 
Oral eavity, 349 
Orbicularis oculi, 134 
Orbicularis oris, 134 
Organelles, 42 

Organie compounds, 30-34, 31-34 
Organie mmmm, 268 
Organs, 4 

Origin, of muscle, 132 
Oropharynx, 328 
Oseilloseope, 269 
Os coxae, 109 
Osmosis, 47, 48, 394 
Osmotie pressme, 47, 48 
Osseous tissue, 98, 98-99 
Ossieles, 103, 205-206 
Ossifieation, 99 
Osteoblasts, 69 
Osteoealein, 231 
Osteoelasts, 98 
Osteoeytes, 98 
Osteon, 98, 98 
Otolithie membrane, 209 
Otoliths, 209 
Outer ear, 205, 206 
Ova, 412 

Oval window, 207 
Ovarian arteries, 284 
Ovarian folliele, 419 
Ovarian vein, 287 
Ovaries and ova, 419-420 
Ovary, 412 
Oviducts, 417 
Ovulation, 420 

Ovulation and postovulatory phase, 420-421 
Oxygen transport 

respiration, 336, 3365 
Oxytocin, 223, 438 

P 

Paeemaker, 266 
Pain reeeptors, 339 
Pain, sense of, 213-214 
Palatine bone, 103 
Palatine tonsils, 308 
Pallor, 88 

Panereas, 228-229, 230-231, 355, 3SS 

Panereatie hormones, 228-229, 231 

Panereatie vein, 288 

Papillae, 210 

Papillary rmiseles, 263 

Paranasal sinuses, 103 

Parasympathetie nervous system, 167, 168, 

169-170, 1 69t 

Parathyroid glands, 226-227, 227 

Parathyroid hormone (PTH), 226 

Parehment skin, 89 

Parietal bones, 89 

Parietal layer, 72, 73 

Parietal lobe, 183 

Parietal peritoneum, 346 









Index 


Parotid glands, 354 
Partial pressure, 335 
Parturition, 439 
Passive immunity, 316 
Patella, 111 

Patellar surface, 111 
Pathology, 14 
Peetoralis major, 138 
Pelvie bones, 109, 109 
Pelvie eavity, 12 

Pelvis, rmiseles of, 140, 140-141 
Penis, 413 
Pepsin, 351 
Peptide bond, 33 
Perforating eanals, 98, 98 
Pericardium, 260, 261 
Perichondrium, 75 
Perimysium, 125 
Perineum, 419 
Perineurium, 157, 158 
Periodontal ligament, 349 
Periosteum, 132 

Peripheral nervous system (PNS), 154 
Peristalsis, 348 
Peritoneum, 72, 346-347 
Peritubular eapillaries, 392 
Peroxisomes, 44 
Phagoeytes, 45 

Phagoeytosis, 50, 50, 245, 245, 309-310 

Phalanges, 108 

Pharyngeal tonsils, 308 

Pharynx, 328, 350 

Phenotype, 443 

Phosphate, 389 

Phospholipids, 41, 42 

pH regulation, 240 

Phrenie arteries, 284 

pH seale, 28, 28, 2 9B 

Pia mater, 180 

Pigments, 400 

Pineal gland, 222, 229, 22 9B 
Pinna, 205 
Pinoeytosis, 50 

Pituitary gland, 223-224, 224í, 225, 226 

anterior lobe hormones, 224, 226 
eontrol of, 223-226 
posterior lobe hormones, 223 
Pivot joint, 115 
Plaeenta, 232, 432-433, 435 
Plantar flexion, 114 
Plasma, 240, 241-242 
Plasma eells, 245, 314 
Plasma membrane 

eomponents, 41-42, 42 
movement aeross, 46, 46-51, 47 B, 
48-51, 50t 
Plasmapheresis, 249 
Platelet counts, 252 
Platelet plug, 246 
Platelets, 241, 241f, 245-246, 

246, 253 

Pleurae, 10, 72, 330, 331 
Pleural spaee, 331 
Plexuses, 164 

Polar eovalent bonds, 25, 25 
Polyeythemia, 251 
Polymorphs, 243 
Polypeptide, 32, 33 
Polysaeeharides, 30, 357 
Pons, 179t, 185, 185-186 
Popliteal artery, 284 
Portal system, 223 
Position, anatomie, 8 
Position, sense of, 212-213 


Positive feedbaek, 438-439, 439 

Positron emission tomography 

(PET), 305 

Posterior assoeiation area, 183 
Posterior deseending artery, 264 
Posterior direetion, 8 
Posterior fornix, 419 
Posterior lobe, of pituitary, 223 
Posterior median sulcus, 164 
Postsynaptie eell, 160 
Potassium, regulation of, 389 
Potential, of nerves, 159 
Preeapillary sphineter, 291 
Premature ventricular eontraetion (PVC), 
268 

Preovulatory phase, 420-421 

Prepuce, 413 

Pressure 

osmotie, 47 
reeeptors for, 212 
Pressure gradients, 335 
Presynaptie eell, 160 
Preterm infant, 441 
Primary motor area, 183 
Primary somatosensory area, 183 
Procoagulants, 246 
Progeny, 442 

Progesterone, 229, 232, 421 
Prolaetin (PRL), 226 
Proliferative phase, 421 
Pronation, 115 
Prophase, 56 
Proprioeeptors, 212 
Prostaglandins, 232, 311 1 
Prostate gland, 413 
Proteins, 32-33, 32-33, 357 

guidelines for, 373 
metabolism, 371 
in plasma, 241 

synthesis of, 52, 52-55, 53t, 54, 55t 
Proteome, 55 
Prothrombinase, 246 
Protons, 23 
Proximal direetion, 8 
Proximal tubule, 392 
Pseudostratified epithelium, 65 
Pseudostratified tissue, 329 
Psyehoaetive drugs, 161 
Pubic symphysis, 109 
Pubis, 109 

Pulmonary circuit, 278-279 
Pulmonary valve, 263 
Pulmonary ventilation 

airway radius and, 334 
exhalation, 3335, 334 
inhalation, 332-333, 336 
spirometry, 334, 334, 335t 
Pulse, 292 
Pulse pressure, 294 
Punnett square, 444-445, 445 
Pupil, 201 
Purkinje fibers, 266 
Pus, 245,312 
Pyrnvie aeid, 368 

Q 

Quadriceps femoris, 141 

R 

Radial artery, 284 
Radiation, heat loss by, 379 
Radioaetive traeers, 305 


Radioaetivity, 29-30 
Radiography, 105 
Radioisotopes, 29 
Radiotraeers, 305 
Radius, 108 

Reaetive oxygen speeies (ROS), 374 
Reeeptor-mediated endoeytosis, 50 
Reeeptors 

cellular, in autonomic nervous 
system, 170 
for deep touch, 212 

for equilibrium, 208-209 

of nervous system, 161, 166 
sensory, 198 
Reeessive allele, 443 
Rectouterine pouch, 419 
Rectus abdominis, 140 
Rectus femoris, 141 
Red marrow, 99 
Referred pain, 213-214 
Reflexes, 166-167 

reflex aetivities, 167 
reflex are, 166, 166-167 
Refraetion, and pathtway of light rays, 

200-201, 201-203 

Regular dense eonneetive tissue, 68 
Regulation 

of blood, 240 
of pH, 240 

Regulatory T eells (T. e ), 313 
Relaxin, 434 
Releasing hormones, 223 
Renal 

arteries, 284 
capsule, 391 
cortex, 392 
pelvis, 392 
pyramids, 392 
tubule, 392 
vein, 287, 392 
Renal threshold, 3955 
Renin, 397 

Renin-angiotensin pathway, 3985 
Repair 

of bones, 100 
of integument, 88-89 
Repolarization, 159 
Reproductive system, 5 
Residual volume, 33 5t 
Resorption, 98 
Respiration, 402 

abnormal ventilation, 339 
breathing patterns, 339 
earbon dioxide transport, 

336-337 

gas exchange, 334-336, 335 
rmiseles of ventilation, 139-141, 
140, 140 1 

oxygen transport, 336, 3365 
phases of, 326, 326-327 

pulmonary ventilation 

airway radius and, 334 
exhalation, 3335, 334 
inhalation, 332-333, 336 
spirometry, 334, 334, 335t 

regulation of 

eentral nervous eontrol, 337, 
337-338 

ehemieal eontrol, 338, 338 
emotional responses, 339 
muscles and joints, 339 
pain reeeptors, 339 

Respiratory eenter, of medulla oblongata, 
186 
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Respiratory system, 5, 390 

aging, effeets of, 339 
bronehi, 329 
larynx, 328, 328-329 
lining of air passageways, 329 

hrngs, 329-331, 330 
nasal eavities, 327, 327-328 
pharynx, 328 
traehea, 329 

Reticular aetivating system (RAS), 187 
Reticular formation, 187 
Retina, 200 

function of, 202-205 
structure of, 204 
Retroperitoneal spaee, 392 
Reuptake, of neurotransmitters, 161 
Rh faetor, 248, 249 
Rh negative, 248 
Rhodopsin, 205 
Rh positive, 248 

Ribonucleic aeid (RNA), 52-55, 53, 53t, 
54, 55t 

Ribosomes, 43 
Ribs, 105 

Right atrioventricular valve, 262 
Right atrium, 261-262, 262 
Right eommon earotid artery, 281 
Right eoronary arteries, 281 
Right lymphatie duct, 305 
Right subclavian artery, 281 
Right ventriele, 261, 262 
Rigor mortis, 129 
RNA. See Ribonucleic aeid (RNA) 

Rods, 200 
Root 

of hair, 85, 85 
of nails, 86, 87 
Rotation, 115 
Rotator cuff, 138 
Rugae, 351, 398 

s 

Saeral vertebrae, 104 

Sacrum, 104 

Saddle joint, 116 

Sagittal plane, 9 

Sagittal suture, 103 

Saliva, 349 

Salivary amylase, 354 

Salivary glands, 354, 354 

Saltatory conduction, 160, 161 

Salts, 28-29 

Salty taste, 210 

Saphenous vein, 286 

Sareomere, 128 

Sareoplasmie reticulum (SR), 129 
Saturated fats, 372-373 
Seanning eleetron mieroseope (SEM), 40 
Scapula, 107 
Sear, 88 

Schwann eells, 156 
Seiatie nerve, 165 
Selera, 199 
Serotal sae, 414 
Scrotum, 414 

Seasonal affeetive disorder (SAD), 2315 
Sebaceous glands, 84, 85 
Sebum, 84, 85 

Seeondary sex eharaeteristies, 229, 416 

Seeretin, 359 

Seeretory phase, 421 

Segmentation, 348 

Seleetively permeable membrane, 46 


Sella turcica, 103 
Semen, 413 

Semicircular eanals, 206 

Semilunar valves, 262 

Semimembranosus, 141 

Seminal vesieles, 413 

Seminiferous tubule, 414 

Semitendinosus, 141 

Sensory information, skin eolleetion, 87 

Sensory nerves, 157 

Sensory neurons, 157, 166-167 

Sensory reeeptors, 198 

Sensory system, 197-219 

adaptation of, 198 

ear, 205-209, 206 

equilibrium, 208-209, 210, 

211 

hearing, 206-207, 207, 208 
inner, 206, 207 
middle, 205-206, 206 
outer, 205, 206 
eye and vision, 199-205 

eyeball, 200, 201 

light pathway and refraetion, 

200-202, 201, 202, 203 
muscles of, 199, 200 
nerve supply, 199-200, 201 
proteetive structures of, 199, 
199 

retina functioning, 202-205, 
204, 204 1 

general sense, 198, 212-214 

pain, 213-214 
position, 212-213 
pressure, 212 
temperature, 212 
touch, 212 

nerve supply, 199-200, 201 
senses, 198 
smell, 211-212, 213 
speeial sense, 198 
taste, 210-211, 212 
Septum, 262 
Serotonin, 161 
Serous membranes, 72, 73 
Serous pericardium, 72 
Serratus anterior, 135, 138 
Sertoli eells, 415 
Serum, 246 
Sesamoid bone, 111 
Sex determination, 445, 445 
Sex glands, 229 
Sex hormones, 229 
Sex-linked traits, 446, 446 
Sexually transmitted infeetions, 4245 
Shaft, of hair, 85, 85 
Short-term memory, 185 
Shoulder girdle, 106-107, 107 
Shoulder, muscles of, 134, 135, 135, 136 
Sigmoid eolon, 354 
Simple epithelium, 65 
Simple squamous epithelium, 65 
Sinoatrial node, 266 
Sinus arrhythmia, 268 
Simisoids, 288 
Sinus rhythm, 267 
Skeletal muscle, 69-70, 70 

eontraetion of, 70, 127-128, 128, 
291,291 

groups of, 134-143 

head, 134, 137, 137 1 
lower extremities, 141-142, 
142 1, 143 

neek, 134, 137, 137 1 


tmnk, 139-141, 140, 141 

140 1 

upper extremities, 134, 

135-136, 137-139, 1381, 

139 

structure of, 127, 127 
Skeletal system, 4 
Skeleton, 4 

aging of, 117 
appendicular, 106-112 

lower division of, 109-111, 

109-112, 1115-1125 

upper division of, 106-108, 

107-108 

axial, 96, 101-106, 1015 

skull, 101-104, 102-104 
tmnk, 104-106, 104-106 

Skin, 4 

aeeessory structures of, 82, 83 
aging effeets on, 89 
eolor, 88 

structure, 82-83, 82-84 
Skull, 101-104, 102, 104 
Sliding filament meehanism, 128 
Small intestine, 352-353, 356-357 
Smell, 211-212, 213 
Smooth muscle, 124 
Sodium, 389 
Soleus, 142 
Solute, 27 

Solute eoneentration, 47 
Solution, 27 
Solvent, 27 
Somatie eells, 55 
Somatie motor impulses, 188 
Somatie nervous system, 154 
Sonogram, 438 
Sonography, 438 
Sounds, of heart, 268 
Spasm, 134 
Speeial senses 

equilibrium, 208-209, 210, 211 
hearing, 206-207, 207, 208 
smell, 211-212, 213 

taste, 210-211, 212 
vision, 201 

Speeial sensory impulses, 188 
Speeifie gravity, 400 
Speeeh eomprehension area, 184 
Spermatozoa, 412, 415 
Spermieide, 423 1 
Sphenoid bone, 102, 103 
Sphygmomanometer, 294, 294 
Spinal eord, 71, 163-164 

aseending and deseending traets, 

164 

structure of, 163, 163-164 
Spinal curves, abnormalities of, 105, 105 
Spinal nerves, 163, 164-165 

branehes of, 164-165 
dermatomes, 165, 165 
Spinal reflex, 167 
Spine 

bones of, 100 
curve of, 105, 105 
Spinous proeess, 104 
Spiral organ, 206 
Spirogram, 334 
Spirometer, 334 

Spirometry, respiration, 334, 334, 33 5t 

Spleen, 307, 307 

Splenie artery, 282 

Splenie vein, 288 

Spongy bone, 97,9 8 






Index 


Spontaneous abortion, 441 

Squamous suture, 102, 103 

SR. See Sareoplasmie reticulum (SR) 

Stapes, 205 

Stem eells, 55, 645 

Sternal angle, 106 

Sternoeleidomastoid, 134 

Sternum, 105, 106 

Steroids, 32, 223 

Stethoseope, 268 

Stillbirth, 441 

Stimulus, 198 

Stomaeh, 356 

stomaeh, 350, 3S1 

Straight sinus, 288 

Strata, of skin, 82 

Stratified epithelium, 66 

Stratified squamous epithelium, 65, 66 

Stratum basale, 83 

Stratum corneum, 83 

Stress, hormones and, 232-233 
Streteh reflex, 167 
Striated muscle, 70 
Striation, 70 
Stroke volume, 265, 292 
Subclavian artery, 284 
Subclavian vein, 287 
Subcutaneous layer, 82, 84 
Sublingual glands, 354 
Submandibular glands, 354 
Substantia nigra, 187 
Sucrose, 30, 31 

Sudoriferous glands, 84-85, 85 
Sulci, 182 

Superficial faseia, 73 
Superficial palmar areh, 283, 284 
Superficial veins, 284 
Superior direetion, 8 
Superior mesenterie artery, 282 
Superior mesenterie ganglion, 170 
Superior mesenterie vein, 288 
Superior sagittal sinus, 287 
Superior vena eava, 287 
Supination, 115 
Supraspinous fossa, 107 
Surface organelles, 45, 45 
Surface tension, 333 
Surfactant, 333 
Suspension, 27 
Suspensory ligaments, 244 
Sustentacular eells, 415 
Suture, 103 
Sweet taste, 210 
Sympathetie ehain, 170 
Sympathetie nervous system, 167, 168, 
169-170, 1 69t 
Synapse, 127, 160-162, 162 
Synaptie eleft, 127, 161 
Synarthrosis, 113 
Synergists, 133 
Synovial fluid, 113 
Synovial joints, 113, 114 

movement at, 113-115, 113-115 
types of, 115-116, 116í 
Synovial membranes, 72 
Systemie arteries, 281-284, 282, 283 

anastomoses, 283, 284, 285 
aorta, 281, 282, 283, 284 
of head and arm, 283, 284, 285 
iliae arteries, 283, 284 
Systemie veins, 284, 285-286, 287-289 

hepatie portal system, 288, 

288-289 

venous sinuses, 287-288, 288 


Systems, 4 
Systole, 265, 265 
Systolie pressure, 293 

T 

Taehyeardia, 268 
Taehypnea, 339 
Taetile corpuscles, 212 
Talus, 111 
Target tissue, 222 
Tarsal bones, 111 

Taste, 210-211, 212 
Taste buds, 210, 349 
T eells, 313 

Teetorial membrane, 206 
Teeth, 349, 350 
Telophase, 56 
Temperature 

sense of, 212 

Temperature regulation, 379-380 
Temporal artery, 284 
Temporal bones, 103 
Temporalis, 134 
Temporal lobe, 182 
Tendon, 68 

Terminal bronehioles, 331 
Terminal ganglia, 170 
Terminal knobs, 161 
Term infant, 441 
Testes, 414-415 

Testicular vein, 287 
Testing, for blood type, 247 
Testis, 414 

Testosterone, 229, 415-416 
Thalamus, 185 
Therapeutic abortion, 441 
Thigh, muscles of, 141, 143 
Third molars, 349 
Thoraeie eavity, 12, 72 
Thoraeie duct, 305 
Thoraeie vertebrae, 104 
Thoracolumbar area, 169-170 
Thorax, 104 
Threshold stimulus, 198 
Thrombin, 246 
Thymus, 307, 307 
Thyroid, 224 1, 226, 227 
Thyroid eartilage, 328 
Thyroid hormone, 224 1, 226 
Thyroid-stimulating hormone 

(TSH), 226 
Thyrotropin, 226 
Thyrotropin-releasing hormone 

(TRH), 226 
Tibia, 111 
Tibial arteries, 284 
Tibialis anterior, 142 
Tidal volume, 335í 
Tissue. See also Lymphoid tissue 

aging of, 75 

eonneetive, 64, 67, 67-69, 
685, 69 

epithelial, 64-66, 65, 66 
muscle, 69-70, 70 
nervous, 70-71, 71 
origins, 64, 645 
Toilet training, 399 
Tongue, 349 
Tonsils, 307-308, 308 
Tonus, 131 
Tortieollis, 134 
Total lung eapaeity, 335í 
Touch, sense of, 212, 214 


Trabeculae, 305 
Traehea, 329 

Traeheobronehial nodes, 306 
Traets, of nerves, 157, 158 
Trait. see Hereditary traits 
Transeription, 53 
Transdermal (TD) patehes, 87 
Transducer, 438 
Trans fatty aeids, 373 
Transfusion, 247 
Transitional epithelimn, 65 
Translation, 55 

Transmission eleetron mieroseope 

(TEM), 40 

Transportation, by blood, 240 
Transport maximum (Tm), 

3955 

Transverse eolon, 353 
Transverse foramina, 104 
Transverse plane, 9 
Transverse proeess, 104 
Transverse sinuses, 288 
Transversus abdominis, 140 
Trapezms, 134 
Trieeps braehii, 133 
Tricuspid valve, 262 
Trigeminal nerve, 190, 190í 
Trigone, 398 
Triiodothyronine, 226 
Troehlea, 108 
Troehlear nerve, 190, 190 1 
Troehlear noteh, 108 
Trophoblasts, 432 
Tropomyosin, 128 
Troponin (Tn), 128 
True ribs, 106 
Trunk 

framework of, 104-106 
skeletal muscles of, 140-141, 
140-141, 141 1 
Trypsin, 357 

Tubal ligation, 422, 423 1 
Tympanie duct, 206 
Tympanie membrane, 206 

u 

Ulcer, 72 
Ulna, 108 
Ulnar artery, 284 
Ultrasonography 

in obstetries, 438 
Umami taste, 211 
Umbilical arteries, 432 
Umbilical eord, 432 
Umbilical region, 3 
Umbilical vein, 432 
Underweight, 378 

United States Department of Agriculture 
(USDA) dietary guidelines, 

375-377 

Universal donors, blood, 248 
Universal solvent, 27 
Unsaturated fats, 372-373 

Upper division, of appendicular skeleton, 

106-108, 107-108 

Upper extremity 

bones of, 107-108, 107-108 
rmiseles of, 134-141, 135-137, 13 7t, 
138 1 , 139-140 

Urea, 355 
Ureters, 398 
Urethra, 399, 413 
Urinary bladder, 398-399 
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Urinary system, 5 

aeid-base balanee, 402-403, 403 
aging and, 400 
elimination of urine 

ureters, 398 
urethra, 399 

urinary bladder, 398-399 
urination, 399 
urine, 399-400 

fluid balanee 

urine output, 401-402 
water balanee, 400-401 
water intake, 401 
kidneys 

aetivities, 391 

formation of urine, 392-397 

juxtaglomerular apparatus, 

397 

structure, 391-392 
Urination, 399 
Urine, 399-400 
Urine output, 401-402 

v 

Vaeeination, 317 

Vaeeines, 316, 317 

Vagina, 418 

Vagus nerve, 190, 190 1 

Valenee, 24 

Valves 

blood flow and, 291 
of heart, 262-263, 262-263 
Vaseetomy, 423 1 
Vasoeonstrietion, 291 
Vasodilation, 291 
Vasomotor, 291 

Vasomotor eenter, of medulla oblongata, 
186 

Vasomotor ehanges, 291 
Vastus intermedius, 141 
Vastus lateralis, 141 


Vastus medialis, 141 
Vein, 284, 286, 287-289 

eardiae, 264, 264 

hepatie portal system, 288-289, 

28 9B 
renal, 287 

venae eavae and tributaries, 

286, 287 

venous sinuses, 287, 287-288 
Venae eavae, 286, 287, 289 
Venous sinuses, 287-288 
Ventral eavity, 10, 11 
Ventral direetion, 8 
Ventral horns, 163 
Ventral root, 164 
Ventrieles 

of brain, 180, 181 
heart divisions of, 261 
Venules, 278 
Vernix easeosa, 437 
Vertebra, 96 
Vertebral artery, 284 
Vertebral column, 104-105, 105 
Vertigo, 206 
Vesieles, 44 
Vesicular transport, 50 
Vestibular folds, 329 
Vestibular nerve, 209 
Vestibule, 419 

Vestibulocochlear nerve, 207 

Villi, 353 
Viseera, 72 
Viseeral layer, 72 
Viseeral motor impulses, 188 
Viseeral muscle, 70 
Viseeral peritoneum, 346 
Vision, 199-205 

eyeball, 200, 201 

light pathway and refraetion, 

200-202, 201, 202, 203 
nmseles of, 199, 200 
nerve supply, 199-200, 201 


proteetive structures of, 199, 199 
retina functioning, 202-205, 204, 204 1 
Visual assoeiation area, 185 
Vital eapaeity, 335í 
Vitamins 

absorption, 358 
guidelines for, 374-375, 37 6t 
Vitreous body, 200 
Voeal eords, 328, 328-329 
Voiee box, 328 
Voluntary muscle, 70 
Vomer, 103 

w 

Waist to height ratio (WtH), 377 
Waste, 240 

Water 

in excretory system, 389 
importanee of, 27 
Water balanee, 400-401 
Water intake, 401 
Weight eontrol, 377-378 
Wernicke area, 184 
White eell counts, 252 
White matter, 156 
Whole blood transfusions, 248-249 
Windpipe, 329 
Wisdom teeth, 349 
Wound healing, 88-89 

x 

Xiphoid proeess, 106, 106 

Y 

Yellow marrow, 97,9 8 

z 

Zygomatie bone, 103 
Zygote, 432 













